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HR  nomiit  contains  affecting  the  national  defense  op 

?Hg  UNI130  STATES  WITHIN  THE  MEANING  OP  'RIB  ESPIONAGE  LAWS,  TITLE  IS, 
U.S.C..  SECTIONS  78S  AND  ?§4»  THE  TRANSMISSION  OR  THB  REVELATION  OP 
ITS  CONTENTS  IN  ANY  HANKER  TO  AN  UNAUTHOR! ZEE  PERSON  IS  PROHIBITED  BY 


PZCSt  Wltta  %QVQttmmt  ©?  ©the?  drawings,  specifications  a?  other 
data  are  used  for  any  purpose  o thor  than  in  connection  with  a  de?l» 
nitely  related  government  aroeuressnt  operation,  the  U  S.  Government 
thorooy  incurs  no  responsibility,  nor  any  obligation  uhatseevor;  and 
the  feet  that  the  Government  my  have  formulated,  furnished,  ©r  in  nay 
way  supplied  the  sold  drawings*  specifications,  or  other  data  i§  not 
to  be  rsgsrd^e  fey  implication  or  otherwise  as  in  any  mssnsr lietJising 
th®  holder  or  say  other  person  or  corporation,  or  convoy 
or  permission  to  s&nufocturo*  uto  or  soli  any 
fe-ay  in  say  way  fee  r@la.tf4  tbcrtto* 
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reveals  subjest  witter  contained  in  U.,§»  Patent  Application  Serial 
Noe.  426,711,  311,047,  anti  350,521  entitled  "Hooka*  Injector,"  ‘figh 
Pressure  Socket  and  Coaling  Kuans"  and  “Controllable  Xnjoefcor  lor  Rockets," 
respectively,  which  hove  been  placed  under  Sectecy  Orders  Issued  by  the 
Commissioner  of  Patents,  these  Secrecy  Orders  Have  been  nod  Idea  by 
SSCURITY  KQUZ£UatB$E3  K43«t3  and  a  mm*  “A",  respectively. 

A  Secrecy  Order  prohibits  publication  or  disclosure  of  the  invention, 
or  any  material  information  with  respect  thereto.  Zt  ie  separate  and 
distinct,  and  has  nothing  to  do  wtth  the  classification  of  Government 
contracts. 

By  statute,  violation  of  a  Secrecy  Order  ia  punishable  by  a  tin?  net 
to  exceed  $10,000  and/or  imprisonment  for  not  more  th,*n  two  years. 

A  SECURITY  REQUIREMENTS  PERMIT  authorises  disclosure  oi  the  invention 
or  any  satarlai  information  with  respect  thereto,  to  the  extent  set  £orth 
by  the  security  requirements  of  the  Government  contract  which  imposes  the 
highest  ..security  cieesifisation  on  the  subject  matter  of  the  application, 
except  that,  export  is  prohibited. 

A  PERMIT  "A';  authorises  disclosure  of  the  subject  matter  of  the  patent 
appii-  jtioh  to  any  person  of  the  classes  hereinafter  specif lad  if  euch 
.person  iibhnoHU  to  fee  concerned  directly  in  an  official  capacity  with  the 
subject  matter,  provided  that  all  reasonable  safeguards  are  taken  to  other¬ 
wise  protect  the  invention  from  unauthorised  disclosure.  The  specified 
classes  arc: 

(a)  Any  officer  or  employes  of  any  department,  independent 
agency,  orr bureau  of  the  Government  of  the  United  States. 

<b)  Any  person  designated  specifically  by  the  head  of  any 

department,  independent  agency  or  bureau  of  the  Government 
of  the  United  Sts feu a,  or  by  his  duly  authorised  subordinate, 
as  a  groper  individual  to  receive  the  disclosure  of  the 
above  indicated  application. 

A  '-PERMIT  “A"  also  authorises  disclosure  to  the  minimum  necessary 
number  of  persons  of  known  loyalty  and  discretion,  employed  by  or  working 
with  United  Aircraft  Corporation  or  its  licensees  and  whose  duties  involve 
cooperation  in  the  development,  sanufactuec  or  use  of  ths  subjac-  matter 
by  or  for  the  Govsrnmatit  of  the  Uni tad  States,  provided  such  persons  are 
Advised  of  the  issuance  ot  the  Secrecy  Order. 

— biiclo^ure  of  these  inventions  or  any  material  information  With  respect 
thereto  is  prohibited  except  by  written  consent  of  the  Commissioner  of 
Patent?  or  as  authorised  by  the  respective -permits. 

Tbs  foregoing  does  hot  in  any  way  lessen  responsibility  for  the  security 
e?  the  subject  matter  as  leased  by  shy  Government  contract  or  the  provisions 
of  the  existing  lews  relating  to  espionage  and  national  security. 
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APPENDIX  X 

ACCELERATION  LOAD  ANALYSIS 


<10  A  study  of  the  230X  engine  system  with  a  fixed  segenerattvely  cooled 
noasle  war  made  to  determine  the  limiting  values  of  acceleration  load# 
for  the  basic  engine  components  and  assemblies.  Particular  attention 
was  given  to  the  rotating  assemblies  of  the  turbopumpa  and  the  major 
flanges  between  components. 

(U)  All  engine  components  are  capable  of  withstanding  loads  in  excess 
of  those  required.  (See  figure  621.)  The  allowable  accelerations 
(table  LXXX)  were  computed  using  the  loads  derived  from  the  engine  environment 
including  gtmbal  loads,  vibration  loads,  pressure  loads,  and  bolt  pre¬ 
loads.  This  analysis  did  not  include  items  such  ss  control  actuators 4 
which  have  not  been  defined  in  mechanical  detail, 
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LONGITUDINAL  ACCELSBATION  •  g 

figure  621.  Operating  or  Nonoperating  Engine  ?B  20021 
Acceleration  Requirements 
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(C>  Table  UU,  Allowable  g.  Load  (10  hr) 


Component 

Longitudinal 

Lateral 

Hsaulteet 

i  y  rr~rn~i — “TrfrrrrT 

Oxidissr  Pumps 

WKeS'ascs'Wesw** 

Front  Bearing 

19 

Kes?  Bear log 

Housing 

Transit loo  Ftange 

transition  Cnee  Bolts 

Shalt 

30 

UK* 

?l 

49 

+ 

Seals 

Fuel  Pump: 

Front  Boating 

15. § 

{Parallel  to 
Centerline) 

3? 

Hoar  lea ring 

Threat  laiancs1  Piston 

90 

15+ 

(Parallel  to 

Center line) 

Housing 

Transition  Case  Flarsge 
transUion  Cass  Holts 

Shaft 

Transition  Casa; 

100f 

71 

49 

* 

GimbnL  Actuator  Loads 

15+ 

3+ 

Liner-Ducting 

-  it 

* 

Main  Chamber  Flange  Jolts 

Preburnar  Flow  Divider  Valve s 

Shaft  Bearing 

Housing 

15+ 

5 

100+ 

187 

Main  Combustion  Chambers 

Noaalo  FlanRe-^Jftlss  at 

f  -  4.75 

15+ 

5 

Noaales 

Transpiration  Heat  Exchanger: 

-  . 

Outer  Shell 

15+ 

21 

Tubs'  Buckling 

15+ 

38 

*Tha-  allowable  acceleration  for  these  items  Is  very  large 
compared  to  the  area  o £  interest. 
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(f)  TsfeU  L11S,  AUw«gU1»  |  wsad  (10  hr)  (Ocnf-iau-sd) 

Component  Umgltudinst  Lateral  Raiuitimt 

rnmmsBU  ««m*:fta.sa*gMrg*grescyx*?s^c?t**s^*cs^^  ***  rtattxxx**** 

Controls! 

Hlsturs  ?stio  Control: 

She  ft  and  Soarings  *  132 

Housing 

Thrust  Control: 

Butterfly  Attachment  30* 

Chamber  Coolant  Valvi: 

Housing  20* 

Low->Sp9ed  Inducers: 

gearing  Thrust  bond  IS*  <i 

"Tho  allowable  acceleration  for  these  items  i»  very  Urge 
compared  to  the  area  of  i  barest. 

Tnnrrrwwn  .»rrn  r-^srrmr  rr  jrrrr  msi  jcrnm  i*r  t  tvr  rr-rnrrTiTTW  ryn^-f^^.-T-TTfn.  rrr'-" 

(U)  The  main  turbopump  bastings  are  life  and  lead  limited*  The  ojsidieor 
turbopurap  benr*ngs  used  for  this  analysis  -were  utngle  ball  boaringa  in 
both  the  front  and  rear  locations.  The  fuel  pump  bearings  wore  roller 
boatings  lo  both  locations* 

(C)  ?eo»  this  stsalysls  tbs  following  conclusions  can  be  mads: 

1.  The  engine  system  U  cepable  of  mooting  the  proposed 
muslmum  acceleration  and  environf^nUl  iosds. 

2.  Accelerations  to  ISg  longitudinal  end  5g_ lateral  can  fee 
secepied  with  no  major  chswgfc  Ifi  the  engine  configuration , 

Hlnor  changes  in  the  transition  cate  design  to  increase 
the  structural  rigidity  my  be  required  to  accept  the 
increased  lateral  loading. 
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Pual,  Pump  Discharge  Valva 

6ite 

i 

Praburnmr  ln*l  Injactor  Control 

6!  I& 

n 

gfcuap  rtmljnt;  Control 

6:i& 

‘  !  1 

Ptcliurnar  Oxtdlaar  Plow 

: 

SHvHar  Valve 

6*6 

J. 

Main  diambav  Oxldlxer  Control 

6*V 

6. 

OftHiaar  Induce*  Turbina  Araa 

Control 
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(U1  An  analog  nisthemf  .leal  model  of  tbs  High  Pressure-  flockrs  Engine  wai 
developed  in  c-^ounci  on  with  &  dynamically  compatible  digs.Sei  model  to 
study  engine  clMrcct? ‘iatica  critical  so  the  enub  Uahmnnt  of  suitable 
control  system/  .  The  decision  to  provide  both  an  analog  aed  digital 
engine  aimulas  .cn  was.  sJ»ead  on  the  relatively  high  operaticnal  cost  of 
th«  more  accurst:;  di$,-fal  transient  program  and  the  fised  letolution 
problem  associated  wish  throttling  ti>«  analog  p-ograa  over  tht*  required 
oparationsl  r5<v„e.  %?  is,  therefore,  anticipated  that  the  digital  program 

will  bo  usod  to  evaluate  transient  characteristic  of  tht  engine-control 
system,  while  the  ana:  bg  program  will  be  used  tt  dvte.mine  nteady-etoce 
stability  and  reiti?or.eri 


(U)  This  report  describes  (1)  the  engine  cycle  art  1  engine  durational 
limits  or  component  pl/sical  constraints  that  cannot  be  escuaded  through* 
out.  the  required  rngifa  operating  range,  (2)  the  complete  mathematical 
description  of  th«  analog  program,  including  equations,  constants,  func¬ 
tions,  and  block  diagrams,  and  (3)  predicted  englnn  performance  obtained 
from  the  analog  model??  Iha  assumptions  and  bases  used  in  deriving  the 
"quations  for  the  ana'og  mathematical  model  and  the  P&WA-FRCS  computer 
wiring  diagram  arc  included. 


(u)  Paragraph  F.  defenses  In  detail  the  equivalent  digits!  mithsmeticsi 
model.  -  -  . 


B.  SN8XNE  CYCLE  DESCRIPTION 


(U)  The  High  Pressure  Socket  Engine  uses  a  s  tegs -combct  ton  cycle  in 
which  the  fuel  ia  turned  aifch  a  portion  cS  the  onyg',n  in  a  pveburner, 
Those  gaseous  produc|i  are  used  to  drive  the  main  tutbopumps  before  final 
combustion  with  the  remainder  of  the  onygan  in  die  main  chanter .  A 
propellant  flow  schtr^tic  illustrating  the  principle  flow  paths  and  func¬ 
tional  comp&aar.e  srrijifcemant  of  this  engine  is  shown  in  figure  622. 


(U)  Hydrogen  antera  At  the  engine* driven  fusi  low-spaed  Indteer  whore 
sufficient  prefimts  ties  must  be  provided  to  satisfy  the  mail  fuel  pump 
NPSH  requirements.  She  iow-apeed  inducers  are  used  to  minimise  vehicle 
(i,«.}  tank  pv/saurt)  requirements  and  allows  high'-spsap  main  pro¬ 
pellant  pus p  opernt.^n  for  high  turfeoputsp  efficivneies.  Hydfpgsn  is 
pumped  to  feha  syitei.  icparacing  pressure  by  the  m in  fuel  pua^.  It  is 
than  duetsd  to  eool'tivo  reganeretiv*  sections  of  the  nogtia.  The  principal 
hydrogen  How  from  the  pump  ia  used  in  eh©  rear  rogenaratlveiy  cooled 
nossld  section,  and- than  ducted  to  the  prelurner.  The  rs-sa  inder  of  tha 
hydrogen  is  used  is?  the  forward  raggngr&tivsly  cooled  nossla  ©action, 

This  heated  hydrogst-  than  pastes  through  tfte  lms*upea&  fuel  inducer  drive 
turbine  prior  to  being  pegsed  Into  the  sain  chamois r  as  s  transpira.ton 
eooignt,  h  small  £i-2»un£  of  nydrogsn  U  bled  off  at  ihs  fuel  low-apeed 
inducer  disehsrgn  t-.  ^.ovide  dusp  coolant  for  she  translatable  secondary 
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na*<la.  This  cooling  flow  U  ducted  from  the  discharge  of  the  fuel  low- 
speed  inducer  through  a  flow  regulating  valve  and  a  quick-dlsconnect 
fitting,  which  *s  provided  to  step  th«*  flow  when  the  secondary  norzle  is 
in  thw  retracted  position. 

(U)  Oxygen  enters  at  the  oxidizer  low-apeed  inducer  where  aufftcler.w  pres¬ 
sure  rise  must  be  produted  to  satisfy  tho  main  oxtdi«er  pump  NPSH  require¬ 
ments.  Hit  oxygen  is  then  pumped  to  system  operating  pressure  levels  by 
the  main  oxidizer  pump.  Pump  discharge  flow  is  then  divided  between  the 
preburner  and  the  main  chamber.  Hie  main  chamber  oxygen  flow  is  the 
principal  oxidizer  flow  and  is  used  as  the  oxygen  low -speed  inducer 
turbine  working  fluid.  The  smaller  portion  of  the  oxygen  is  ducted  to  the 
preburner  there  it  is  burned  with  the  hydrogen.  Hie  resulting  combustion 
products  are  ducted  to  the  two  mai  .  turbines,  which  are  arranged  in 
pallid,  where  thr  work  required  to  drive  the  main  pumps  is  extracted. 

Hie  turbine  exhaust  gases  rejoin  in  the  transition  caau  and  pass  through 
the  main  injector  where  thny  mix  and  burn  with  the  main  chamber  oxidizer 
f low .  Hie  resulting  combustion  gas  is  then  expanded  through  the  bell 
liosz  lea . 

(U)  Hie  low-speed  fuel  turbopump  is  a  single  abaft  unit  with  an  axial-flow 
inducer  driven  by  a  single-stage,  gaseous  hydrogen  turbine.  The  oxygen 
low -speed  turbopump  is  «ixn  a  single  shaft  unit  with  an  sxUl*flov  inducer 
driven  by  a  vnr  la  bio -admission,  single-stage  liquid  oxygen  turbn.c. 

(U)  the  main  fuel  turboprop  is  a  Btnglc  shaft  unit  with  two  back-to-back 
centrifugal  pump  stages  driven  by  a  two-stage,  pressure-compounded  turbine. 

A  double-acting  thrust  balance  piston  is  provided  between  the  pump  and 
curbing. 

ft!)  Hie  oxidizer  turbojaimp  la  a  single  shaft  unit  with  a  single,  shrouded 
centiltugai  pump  stage  driven  by  a  two-stage,  pressure-compounded  turbine. 

A  singlc-acc ing  thrust  balance  piston  is  provided  between  tho  pump  and 
turbine. 

(U)  The  preburner  injector  consists  of  dual-orifice  oxidizer  injector  ele¬ 
ments  and  variable-area  fuel  injector  elraaenrs.  A  flow  divider  valve  is 
incorporated  at  the  inlet  to  the  injector  assembly  to  vary  the  total  preburntr 
oxidizer  Clow  rate,  and  to  regulate  the  flow  split  to  the  dual  orifice  oxidizer 
elements.  The  prehurner  combustion  chamber  is  an  Integral  part  of  the  transi¬ 
tion  case. 

<U)  Hie  main  chamber  propellants  arc  supplied  through  fixed  ar@3  injection 
elements.  The  fuel  side  (preburncr  products  after  expansion  through  the 
turbine)  guides  the  fuel-rich  gas  around  the  oxidizer  elements.  Hie  main 
coubustor  chamber  wall  consists  of  a  hydrogen  tranapirationally  cooled  liner 
extending  from  the  injector  face  to  a  point  downstream  of  the  chamber  throat. 

(U)  The  exhauet  nozzle  attaches  insnediatelj  downstream  of  the  transpiration 
cooled  section  and  is  composed  of  two  regenerative  cooled  sections  followed 
by  the  translating  secondary  nozzle. 
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Figure  622.  Demons trator  Engine  Control  Syste* 
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(•J)  Fr-ilainsry  ana  lya  U  $£  the  ?S8|  racket  angina  eye  Is.  AF«I111A.  inrii* 
cates  she  following  six  control  points  ate  required  for  etaady-state  opera* 
Hon.  These  six  control  points  @s  shown  in  figure  622  are: 

1.  Fuel  pump  discharge  vi.lv  s 

2.  Freburner  fuel  injector  control 

3.  Dump  coolant  control 

4.  Preburner  oxidisar  flow  divider  valve 

5.  Ha  in  chamber  oxidizer  control 

6.  Oxidizer  inducer  turbine  area  control. 

1.  Fuel  Pump  Discharge  Vsive 

(U)  The  mam  fuel  control  is  located  downstream  of  the  fuel  pump  in  the 
hydrogen  olaut  supply  to  tha  lover  regenerative  nogale.  The  function 
of  this  control  is  to  distribute  the  hydrogen  flow  between  the  prsburner 
and  the  chamber  transpiration  supply  section,  This  control  regulates  most 
of  the  hydrogen  Clow.  Therefore,  it  has  a  strong  influence  on  chat&er 
mixture  ratio  and  a  minimal  influxes  on  thrust,  because  fuel  flow  la  a 
snail  fraction  of  total  propelUnv.  flow.  8y  regulating  tha  fuel  flow 
entering  the  preburner,  it  algo  influences  available  turbine  paver. 

Because  the  mein  fuel  valve  controls  the  magnitude  of  transpiration  flow, 
it  will  influence  the  low-spaed  induce?  available  power  (i.e.,  main  fuel 
pump  NPSH)  #8  well  as  the  adequacy  of  the  transpiration  cooling.  rvrthar, 
the  discharge  valve  is  positioned  to  produce  sufficient  pressure:  louv  to 
ensure  fuel  system  stabHlty  sr  all  opera&ir.p  conditions. 

• 

2.  Preburner  Fuel  Injector  Central 

(U)  The  preburnsr  fuel  conttcl  is  an  integral  part  of  the  fuel  prebuener 
injector.  Modulation  of  this  control  varies  the  area  of  the  fuel  injector. 

(U)  The  velocity  of  the  fuel  entering  the  pceburnrr  must  be  controlled 
rt  all  flow  rates  to  ensure  stable,  efficient  preburner  combustion,  This 
fuel  injector  area  is  In  series  with  the  main  fuel  control  and  effects  the 
fuel  system  in  o  similar  manner. 

3.  Dump  Coolant  Control 

(U)  The  dump  coolant  control  ia  located  in  the  dump  cooled  two-position 
nozzle  hydrogen  supply,  this  control  ia  used  to  regulate  the  fuel  supoly 
to  the  secondary  nozzle,  Tie  percentage  of  total  fuel  flow  regulated 
by  this  area  is  small,  and  its  influence  on  the  overall  system  la  small. 

4.  Preburner  Oxidizer  Flow  Divider  Valve 

(U)  The  preburner  oxidizer  flow  divider  valve  regulates  the  total  oxidizer 
flow  to  the  rvaburner  as  veil  as  the  flow  split  to  the  primary  and  secondary 
elements  of  the  injector.  Oxidizer  pr-jburngr  flow  determines  available 
turbine  power  by  controlling  turbine  flow  rate  and  inlet  temperature. 

'Hie  oxidizer  flow  split  determines  the  velocity  of  the  oxidizer  entering 
the  prebumer  and  must  be  controlled  to  ensure  stsbie  efficient  preburner 
combustion. 


It 

•*  * 


Sain  Chamber  Oxidises  Central 

(V)  Th<s  main  chemfaar  oxidizer  control  is  losa^ed  in  thn  onldleer  supply 
to  the  main  chamber,  Because  this  control  ragulatee  most  of  the  oxidise, r 
flow,  and  in  turn  the  majority  of  the  total  propellant  flow,  it  has  a 
strong  Influence  on  both  chamber  mixture  ratio  end  thrust. 

6.  Oxidise?  Inducer  Turbine  Area  Control 

(U)  This  control  schedules  the  area  of  the  low-speed  inducer  turbine  that 
ie  in  eerie*  with  the  main  oxidizer  control,  and  therefore^ af facts  the 
system  in  a  similar  manner.  Modulation  of  this  control  affects  available 
main  oxidise?  pump  NFS  1 1  because  turbine  area  determines  turbine  hose la 
velocity,  which  influences  turbine  power  and  low-speed  inducer  performance. 

?.  Engine  Operating  Limits 

(C)  The  operational  limits  and  engine /control  accuracy  requirements  for 
this  engine-control  system  are  as  follows: 

Thrust 

1.  Range  -  10051  to  20% 

2.  Snglne/Control  Accuracy 

Engine /Control  Accuracy  at  100%  thrust  -  a  3%  full  scale 

Engine/Control  Accuracy  at  20%  t;  rust  -  £  37.  full  scale 

Mixture  Ratio 

1.  Range  -  5  to  7  ^ 

2,  Enaine/Control  Accuracy* 

Engine/Control  Accuracy  at  100%  thrust  -  3%  of  mixture  ratio 

Engine/Control  Accuracy  «t  20%  thrust  -  3%  of  mixture  ratio 

a.  Thrust  and  Mixture  Ratio  Transient  Response 

(C)  Changes  between  any  combination  of  thrust  and  mixture  ratio  must  be 
accomplished  in  less  than  S  seconds  within  tho  limits  as  specified  in  the 
following  paragraph. 

b.  Operatior.i  Limits 

<C)  The  accompanying  operational  envelope  (figure  623)  reflects  the 
steady-state  component  limitations  for  this  engine  cycle  within  the 
required  operation  range.  These  limits  are  a#  indicated  below: 

1.  Main  fuel  turbopuap  maxisus  spasd  48,000  rpn 

2.  Main  oxidise?  turbopuap  maximum  speed  (NLP)  -  25,800  rpm 
3*  Main  turbine  inlet  temperature  »-  2325*R. 

-  —  -«■»—“  — —  ‘  _ 

Engine/Control  Accuracy  is  definad  as  total  inaccuracy  and  includes  devia¬ 
tions  in  engine  trim,  control  valve  areas,  computer  r.onrepeatabiUty  and 
control  sense  precision. 


659 


(C)  In  addition  co  Che  eteady-state  limitation#  determined  by  ins  opera¬ 
tional  envelop*: 

1,  A  4.5%  minimum  prase ore  drop  exists  for  the  twin  oxldiser 
injector,  main  fuel  Injector  and  preburner  oxldiser  and  fuel 
Injectors.  This  limitation  will  ensure  combustion  staMlity 
throughout  the  operating  range. 

2.  Steady-state  maximum  transpiration  cooling  flow  will  not 
exceed  th®  schedule  shown  in  figure  624. 

(C)  Other  physical  limitations  that  apply  to  transient  aa  wall  ar  steady- 
state  operation  are: 

1.  Minimum  mixture  ratio  ie  set  et  2.0  for  the  main  chamber 
and  0.23  for  the  preburner. 

2.  Maximum  main  chamber  mixture  ratio  ie  sot  at  8.0. 

3.  Minimum  required  not  positive  auction  head  for  the  main 
fuel  pump  and  main  oxldiser  pump  is  a  function  of  pump 
operation  condition,  as  shown  in  figures  625  end  626. 

4.  Minimum  transpiration  cooling  flow  is  «  function  of  main 
chamber  operating  conditions  and  will  be  defined  at  a  later 
deto. 

C.  ANALOG  SIMULATION 

1.  General 

(U)  In  addition  to  the  equations,  constants,  and  functions  that  define 
this  analog  simulation,  results  from  operation  of  this  simulation  on  the 
P6UA-FRDC  computer,  and  details  of  this  operation,  are  presented  in  the 
following  paragraphs. 

2.  Equations,  Constanta,  and  Functions 

(C)  The  analog  simulation  of  the  High  Performance  Rocket  Engine  Is  de¬ 
fined  in  this  section.  The  simulation  consists  of  nine  point-programs 
that  allow  limited  operation  about  combinations  of  thrust  at  100%,  50%, 
or  20%  with  mixture  ratios  of  5,  6,  or  7. 

(U)  The  building  block  method  of  simulation  hat  been  used.  Individual 
component  functions  are  separately  developed  and  then  Interrelated  into 
the  engine  system.  The  complete  engine  analog  definition  is  accomplished 
within  12  groups  of  related  engine  components.  These  groups,  called 
Engine  Analog  Sections,  are  illustrated  and  identified  by  letter  and  name 
in  the  accompanying  Engine  Section.  Diagram,  figure  627.  The  parameter 
symbols  used  in  this  diagram  show  the  location  of  parameters  within  the 
engine  system.  These  same  parameter  symbols  are  used  in  the  analog 
equations  appearing  as  part  of  the  analog  definition  within  each  of  these 
Engine  Analog  Sections. 


DF  59705 


Figure  625.  Main  Fuel  Pump  Design 
Suction  Capability 


Figure  626 <  Main  Oxidizer  Pump  Design  DF  59706 

Suction  Capability 


(U)  The  complete  analog  definition  lor  each  lettered  Engine  Analog  Section 
sspsara  within  tha  following;  correspondingly  isti-ared,  paragraphs.  In 
addition  to  a  set  of  analog  aquations  expressed  in  ten m  of  constants t 
functions  >  end  paras&ter  symbols,  the  definition  includes  numerical  valunn 
for  the  constants,  curves  for  the  functions,  and  word  definitions  for 
the  pc-rassoter  symbols.  Also  Included  is  a  representative  block  diagram 
for  the  fuel  low-speed  inducer  and  flowmetar  section. 

0*}  For  analog  operation  at  F&&A-FR8G  the  univariate  functions  wars 
matched  ss  straight  Unas  between  the  points  listed  in  the  tables  shown  for 
each  univariate  curve,  Eescrda  of  the  P&'rfA-FSDS  match  achieved  for  each 
of  the  bivariate  functions  (the  sight  pump  curve#)  ars  included  as  broad 
(wavy)  lines  on  each  bivariate  curve. 

(u)iX]  n%l  LOH-SPSBQ  XN0UCSR  km  tum&t&B. 

Refer  es  figure  623  for  block  diagram, 


EQUATIONS 


KFl  «  m  *  WM 

tfB  *  Cs  ‘  (XQFBT  -  TQF8F) 

TQFEP  * 

4PFB  «  f2.x 
PFBD  *  PFX  4-  (4PFB 
»  C5  •  {WD* 

F9CV  »  FF6D  -  4»?SS4 

CCslgTAHfS  AND  PUNCT10H8 

C5  -*  9.55/JFBF  *  0.267  x  102 

G-«  (laA96)2/[^r  .  CMflH>-2]>  0.1776  x  10‘2 
fj  ■  tmSf  ^3 ;)»  !![••  figure  62k  for  f^.Q0 
-  fCNFB*  m)}  Sea  figure  630  for  f,.1&0 
P?l  a  0.3160  s  IS2 


FAgAMETiSi  DEFINITIONS 

Wl  *  Flow  -  Fuel;  lni«£,  (Engine  to  tel) 

«F  «  Flow  -  Fuel,  Main  Pump 

WK8C  *  Flow  »  (Fuel),  Hast  Exchanger, 

Dump  Coolant 

NFB  ■  Spaed  -  Fuel  Low- Speed  Inducer 

NFB  ■  Speed  Change  Rate  -  Fuel  Low- Speed 
Induesr 


:  lb  /sec 
*8 

:  lb  /see 

:  lb  /sec 
m 

:  rpo 

:  d(rpa)/d(t) 
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PASMKIBfL  mnmtmm  (Continued) 


TQ'FBT  «  To? qua  -  fual  Lc^-Spssd  Inducer 
Turbine  (Dsllvtsred) 

«  Torque  *  Fuel  Law- Spaed  Inducer 
(Required) 

4PFS  *  Pressure  Rle©  «  Fuel  Low- Speed 
Inducer  (Fusip) 

PFBS  *  Prog st re  -  Fuel  Low- Spaed  Inducer 
Diseh«rgo 

PFI  «*  Pressure  -  Fuel,  (Engine)  Inlet 

&?f«FM  **  Pressure  Drop  -  Fuel  Flowr^ter 

FDCV  <*  Pressure  -  Dump  Coolant  Vclve 
(Upetraam) 

JFBP  *»  Rotor  foist  Moment  of  Inertia, 
Fuel  low” Speed  Inducer 

4  3  Fuel  Density,  (Low- Speed  Inducer 
Inlet) 

AWFM  *  Area  (Effective),  Fuel  Flcwsseter 


;  lbj  *  ft 

:  lbf  •  ft 

:  lbf/ln? 

t  lbf/in? 
s  lbj/in? 

:  Ib^/in? 

!  Ihf/ in* 

t  ft  •  lbf 

*  lbm/ft3 
i  in? 


Figure  628.  Fuel  Low-Speed  Inducet  FD  230S3 

and  Florae tor  Analog  Section 
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(U)[¥j  DAMP  CGC’tANT  NOZZLE  SECTION  (HEAT  EXCHANGER ,  DUMP  COOUH?) 
EQUATIONS 

HHDC  «  C7  •  ADCV  •  n/(?DCV~  C-") 

0  87  r<} 

ATHDQ  «  C0  •  (PEG;  >  f,./WHDT. 

(PEG)0,  (Cgi-Jt  •  PFG)  +  Cs2-k 

TKOC'  *  (C89  +  &TKDC)  *  1/(1*  +  C?  •  B> 

-  Ci0  •  THDC  •  (WHDC  -  \m) 

WFD  »  C 


(Sae  S^ctionj^];  Heat  Exchanger  No.  I) 


'II 


fg  •  PJIDC/.fTHJJC 


CONSTANTS  AND  FUNCTIONS 

C?  -  V$FBD/ 1.496  •  0.1375  x  10 


Cg  -  0.2704  x  10* 


S-x  °  (Temp.  Time  Constant):  C^qq0  0-2500 


ClQ  •  RH/VHDC  «*  0.7*60  x  10 
Cu.  *  AFD  »  0.9714  x  10 
Cfl9  -  TFBD  -  0.4220  x  102 


ADCV«x/r  5  adcv-ioo/5b  °*1683*  ADCV-ioo/6B  °'l527‘  ADCV- 100/7  tt  c*1344 


fl4  ■  KCFHT  -  f(OFC),  Refer  to  table  LIV 
l6  :  W  •  •  p)»  f  (PHDC/ PAM3) ,  Refer  to  table  \,v 

C92  »  PSAT  -  3,300 


(U)  Table  UV  (KOSTHT)  as  a  Function  of  (OFC) 


OFC 

f14 

OFC 

t 

"14 

2.0 

0,61 

6.5 

6.96 

2.5 

0.75 

7.0 

0.912 

3.0 

0.865 

7,5 

0.86 

3.5 

0.955 

8.0 

0.81 

4.0 

1.008 

8.5 

0.76 

4.5 

1.03 

9.0 

fi.71 

5.0 

1,04 

9.5 

0,655 

5,5 

1.028 

10,0 

0,605 

4  ,»3 

1.00 
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(U)  Table 

♦  tt  £  1 

"61 
of 

y v*T/ (A P) j  as  S  Function 
(FHDC/BMiB) 

1  » 

1.39 

FHDC 

*6 

FHDC 

f6 

PAMB 

PAMB 

1.03 

0.045 

1.45 

0.1315 

1.03 

0.06 

1.6 

0.1370 

1.10 

0.C829 

1.75 

0.139 

1.15 

0.097 

1 .89 

0.1399 

1,25 

0.115 

2.0 

0.1399 

1.35 

0.1252 

PARAMETER  DEFINITIONS 


WHDC  »  Flow  -  (Fuel),  Peat  Exchanger, 
Pump  Coolant  (Inlet) 

ADCV  «  Area  -  Durrfp  Coolant  Valve 


PDCV 

ATHOC 


"  Pressure  -  Dump  Coolant  Valve 


(Upstream),  See  Section 


*  Temperature  Rise  -  Heat  Exchanger, 
Dump  Coolant 


THDC  »  P-essure  -  Heat  Exchanger,  hump 
Coolant  (Exit) 


PHDC  »  Pressure  -  Heat  Exchanger, 

Dump  Coolant  (Exit) 

WFD  *  Flow  -  Fuel,  Dump  (Heat  Exchanger, 
Dump  Coolant,  Exit) 


f?FBD 


RH 


VHDC 


Density  -  Fuel  (Main)  Pump 
Pisthar^e  (See  Section  ["C 

■  ! 

1) 


Gas  Constant  for  Hydrogen 
fSee  Section 


Volume  -  (Fuel  Passage),  Heat 
Exchnncer,  Dump  Coolant 


AFD  -  Arja  ("(festive)  -  Heat  Exchanger, 
Dump  C  ’ant 


TFPh  •  Temperature  -  Fuel  Low-Speed  Inducer 
Discharge 

PAHP  Pressure,  Ambient  *  16.7 


lbm/ sec 
In? 

lb./ in? 

i 

*R 


lb  j/ in? 


lb  /see 
m 


*R 

lb j/ in? 


<U)0  MAIN  FUEL  PUMP  AND  TURBINE 


EQUATIONS 

AFVF  -  C12  •  (WF)2 
PFIM  «  PDCV  -  ATWF 

WF  -  VHX2  +  WHX1  +  WTC 
-  Cl4  •  (TQFT  -  TQFP) 
TQFP  -  fA 

£?fp  -  f 5-x 

PFPD  -  PFIM  +  &PFP 
WTC  -  f49 

TFPD  -  (C?5  •  PFPD)  +  C76 
v^FPD  -  <C77-x  *  +  C78-x 


CONSTANTS  AND  FUNCTIONS 


WI2 
Cl, 
C75 
C76 
'77-x 
'73- x 
f8  -r 
f9->; 
f4* 


=>  ( i . 496 ) 2 /  jpp  *  (AFP I)2  |“  0. 8A7A  x  10 

-  9.55/JFP  -  0.1230  x  103 

-  0 . 1400  x  10* 1 

-  0.5110  x  10* 

;  c;;-;oo  “  °-2800  * 

!  C78-100  ” 

a  f (NFP ,  WF)  :  Sec  figure  631  tor  fg^QO 

-  f (NFP ,  WF)  :  See  fiigure  632  for  £9.100 
a  WTC  »  f (PFPD) :  Refer  to  table  LV1. 


PARAMETER  DEFINITIONS 


APWF  »  ressure  Drop  -  Fuel  Flow 

(Main  Pump  Inlet  Line)  s  lb^/ In- 

WF  ■  Flow  -  Fuel,  (Main  Pump)  lb_/sec 

2 

PFIM  «  Pressure  -  Fuel  Inlet,  Main  (Pump)  :  ib^/in. 

PDCV  »  Pressure  -  Dump  Coolant  Valve  2 

(Upstream)  *  lbj./  in. 

WHX2  *>  Flow  -  (Fuel),  Heat  Exchanger  No.  2 

(Mein  Regenerative  Nozele)  :  lbm/sec 
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li&cxni  Aivno  vwuv^iiuvu ; 


WKXl  »  Flow  -  (Fuel)  Heat  Exchanger  No,  1 

(Transpiration  Supply  Regenerative  Nosai*-) 

WTC  -  Flow  -  (Fue1),  Turbine  Ceding  (Elc.) 

NFP  -  Speed  -  (Main)  Fuel  (Turbo)  Pump 

*  Speed  Change  Rate  *  (Main)  Fuel 
(Turbo)  Pump 

TQFT  »  Torque  -  (Main)  Fuel  Turbine  (Delivered), 
(See  Section  K) 

TQFP  ■  Torque  -  (Main)  Fuel  Puma  (Required) 

&PFF  «  Pressure  Rise  -  Fuel  Pump  (Main) 

PFPD  •*  Pressure  -  Fuel  (Main)  Pump  Discharge 

TFPD  »  Tempo  s' sturo  -  (Main)  Fuel  Pump  Discharge 

PFPD  *  Density  -  Fuel  ,  (Main)  Pump  Discharge 

Pp  ■»  Fuel  Density, (Main  Fuel  Pump  Inlet) 

AFPI  *  Area  (Effective),  Main  Fuel  Pump 
Inlet  Line 

JFP  ■  Rotor  Polar  Moment  of  Inertia,  Main 
Fuel  Turbopump 


lb  /sec 
m 

lb  /sec 
m 

rpm 

d(rpm)/d(t> 

lbf  •  ft 
lb, /in? 
lb  /in? 
lbf/in? 

’R 

lb  /ft3 

fn 

ib  /ft 

Hi 


.  2 
ft  *  •  sec 


(U)  Table  LV1.  f^y(WTC)  ae  a  Function 
of  (PFPD) 


WTC 

PFPD 

1.85 

900 

2.07 

1130 

2.75 

1925 

3.32 

2655 

4,40 

4000 

5.42 

5443 

6.54 

7000 

7.25 

8000 
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(tf)Frn  TSy^HSPltlATION  SUPPLY  REGENERATIVE  NOZZLE  SECTION 
1  '  (HEX*  NO,  1  -  COOLANT  Slot) 

EQUATIONS 

WHX1 
PFCC 
pm 
APHXl 
pHXl 
ATHX1 


CI5  •  V55FPD  •  v/(P?PD  -  PFCC) 
PHXl  +  APHXl 


-  C 


'18 

74 


TIIX1  •  (VitHXl 
,0.05 


WFBT) 

,2, 


«  C 


100 
'16  ‘ 


(PFG)''”'*'  *  (WHX1)  /pHXl 
PHX1/THX1 

(PFG10,87  •  f (1/WHX1) 


(PFG> 

(PFG) 


THX1 

0.05 

0.87 

PFG 


(TFPD  +  ATHX1)  •  j 1/(1  +  C1?  •  S)l 


”  <C79-x 
-  (Ca;-x 


PFG)  +  C 

:fg)  +  c 


80- x 
82-x 


?C/tCB4-x  '  <CS3-«  '  0FE»>1 
CONSTANTS  AND  FUNCTIONS 


15 

C16 

'i7-x 
C 


ACC/1.496  -  0.7192  x  10 
,4 


1 


'18 

'74 


-  0.1671  x  10 
*  (Temperature  Time  Constant)}  ci7„iqq 
»  RH/VHX1  «  9200/300  «  0.3067  x  102 

-  0.7252  x  10 


0.2500 


'79-x 
'80- x 
'81- x 
'82-x 
=83-x 
'84- v. 
C100 
f14 


''79-100 
''80- 100 


0.4930  x  10 
0,9507 


C81-100  “  0,8667 
C82- 100  °  0,1333 


83-100 

C84- 100 
0.1878 


0,6130  x  102 
0.3094  x  IQ4 


KOFHT  «*  f(OFC),  Refer  to  table  LIV. 


PARAMETER  DEFINITIONS 

PFCC  8  Pressure  -  Fuel,  Transpiration 
Orifice,  (Orifice-Downstream) 

PHXl  ■  Pressure  -  (Fuel) ,  Heat  Exchanger 
No.  lf  (Exit) 


THXL  ■  Temperature  - 
No.  1  (Exit) 


(Fuel)  Heat  Exchanger 


:  lbf/ln? 
:  lbf/in? 
:  *R 
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PARAMETER  DEFINITIONS  (Continued'* 


WF3T  "  Flow  -  Fuel ,  Low-Speed  Inducer 
Turbine  •  See  Section  E 

WHX1  *  Flow  -  Fuel,  Heat  Exchanger  No.  1 
(Transpiration  Supply) 

pFPD  “  Density  -  Fuel  Pump  (Main  Discharge), 

(See  Section  C) 

PFPD  *  Pressure  -  Fuel  Pump  (Main)  Discharge, 
(See  Section  C) 

1PHX1  ■  Pressure  Lose  -  (  Fuel),  Heat 
Exchanger  No.  1 

PFO  -  PC/ (PC  @  1007.  Thrust  Level) 

PHXI  ■  Density  -  (Fuel),  Heat  Exchanger  No.  1 

ITHX1  ■  Temperature  Rise  -  Heat  Exchanger  No.  1 
(Trans.  Supply  F»-  ’ ) 

TFPD  ■  Temperature  -  Fuel  (Main)  Pump  Discharge 

OFER  *  Mixture  Ratio  -  Engine  (Overall), 
Requested 

ACC  «  Area  (Effective),  Transpiration  Orifice 
RH  »  Gas  Constant  for  Hydrogen 

VHX1  3  Volume  -  Heat  Exchanger  No.  I 
(Fuel  Passage) 

10FHT  "  Correction  Factor  -  Mixture  Ratio, 

(Heat  Exchanger  Fuel  Temperature) 

OFC  •  Mixture  Ratio  -  (Main)  Chamber, 

(Chamber  Overall),  See  Sec.QTJ 

PC  ■  Pressure  -  (Main)  Chamber,  See  SectionJTj 

S  ■  Laplace  Operator 


APHX1 


PHX1 

ATHXl 


OFER  - 


ACC  » 


KOFHT 


OFC  - 


ibm/sec 


lb  / sec 

m 


lb  /ft* 
m 


lbf/in; 

lbf/in? 

D1  less 

lbm/ft3 

m 


D1  less 
in2 

in.  •  lb 


D'  less 


D'  less 
lbf/in? 


(0)0  TURBINE  -  FUEL  LOW-SPEED  INDUCER 


EQUATIONS 


WFBT  -  C19  •  f15  •  PHX1  •  (1/,/THXl) 

VAHFBT  -  f1?  •  sfmfi  •  v/CPBT 
^CPBT  »  (C2Q_x  •  THX1)  +  C21,x 
TQFBT  -  WFBT  •  |(C22.x  -  (C23.x  *  NFB) 


CONSTANTS  AND  FUNCTIONS 


* 

W|»V*  T  * 


°19" 

AF3T  “  0. 

20- x  5 

C20-100  " 

2l-x  ! 

C2 1-100  " 

22-k  : 

C22- 100  “ 

23- x  5 

C23-100  “ 

f15  : 

W  .  VT/(A 

f17  5 

-  (PT 

0.7550  x  10' 3 


0.3389  x  10 


table  LVUI. 


(U)  Table  LVII. 


£l5[w^/(AF)]«.  a  Function 
ot  (PHX1/PTRA) _ _ _ 

>  -  1.39 


PHX1 

PTRA 

f15 

PHX1 

PTRA 

f  15 

1.03 

0.045 

1.45 

0.1315 

1.05 

0.06 

1  .b 

0.1370 

1.10 

0.0829 

1.75 

0.139 

1.15 

C.097 

I.C9 

•1.1399 

1.25 

0.115 

2.00 

0.1399 

1.35 

0.1252 

(U)  T*ble  LV1I1 .  (yr  -  (PTBA/FHX1)7 
Function  of  (PTRA/PHXl) 


V  - 1  /V 


PTRA 

FHXl 

f17 

PTRA 

PHX1 

f17 

0.0 

1.0 

0.3 

0.5354 

0.015 

0.8500 

0.75 

0.2784 

0.03 

0.8000 

0.9 

0.1706 

0.05 

0.7540 

0.95 

0.1195 

0.1 

0.2 

0.6898 

0.6028 

1.00 

0.0 

(U) 


M  mIUCTI  ^  MMMfilVMfnUO 
WUWlOi&ft  Vfirin4J.i>vnu 


W?ST  =  Flow  -  Fuel,  Low-Speed  Inducer  Turbine 

AKFBT  »  Enthalpy  Drop  -  Fuel,  Low- Speed  Inducer 
Turbine 

CPBT  ■  Specific  Heat  at  Constant  Pressure  • 
(Fuel),  Low-Speod  Inducer  Turbina 

TQFBT  “  Torque  -  Fuel  Low- Speed  Inducer  Turbine 
(Delivered) 

THXl  2  Temperature  -  (Fuel)  Heat  Exchanger  No.  I 


(Exit)  (See  Section  D  ) 


NFB 


Speed  -  Fuel  Low-Speed  Inducer, 
(See  Section  |  A]) 

t  *  Ratio  of  Specific  Heats 


AFBT 

PHX1 


Arcu  (Efiectivo)  -  Fuel  Low-Speed 
Inducer 

Pressure  -  (Fuel)  Heat  Exchanger  No,  l 
(Exit)  (S«e  Section  ft)]) 


PTRA  *  Pressure  -  (Fuel)  Transpiration  Cooled 
Section  T.nlet  (See  Section  QTJ) 


F,|  TRANSPIRATION  COOLING  SECTION 


EQUATIONS 

ATTRA 

TTRA 

APTRA 


C6?  •  (PFO)0-87  •  £43 
THXl  +  ATTRA 


*25 


(PFG) 


0.2 


PTRA  »  PC  +  APTRA 
(PFG)0’ 2  -  (Cg5.x  •  PFG)  +  C 

CONSTANTS  AND  FUNCTIONS 


“50 


86- x 


O/WFBT) 

(WFBT)2  •  TTRA/PC 


(PFG) 


0.87 


(C81-x  ‘  +  C82-x’  Sectton  PH) 


C25  ■  0.3976  x  10 
Cfi7  -  0.6730  x  10* 


“*8i-x 

:82-x 


(See  Section 
(See  Section 


-85»x  *  *85-100 


“’86- x 

£43 


0.1950 

0.8050 


*86- 10C 

K0FTT  -  f(OFC),  Refer  to  table  LIX. 


s  lb  /sec 

£55 

j  Btu/lb 

fl! 

{  Btu/lbn  .  “R 

:  lbf  .  ft 

:  °R 

:  rpm 
j  D'Icbr 

■  ,„2 
:  in . 

:  lbj/in? 

s  ihg/in? 
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UHCUSSIflB 


(u)  xablc 

LXX. 

f , ^ (KOrii) 
of* (OFC) 

as  a  FunCtlvu 

OFC 

f43 

OFC 

f43 

2.0 

0.28 

6.5 

1.025 

3.0 

0.52 

7.0 

1.044 

3.5 

0.63 

7.5 

1.06 

4.0 

0.73 

8.0 

1.08 

4.5 

0.82 

a  e 
o  •  J 

1  MO? 

*  »  V  #» 

5.0 

0.90 

9.0 

1.11 

5.5 

0.96 

9.5 

1.13 

6.0 

1.0 

10.0 

1.145 

PARAMETER  DEFINITIONS 


ATTRA  - 
TTRA  ■ 

APTRA  « 
PTRA  - 

THXl  » 

PFG  *» 

f50- 
KOFTP  ■ 

PC  « 

OFER  « 

OFC  » 
KOFTT  - 

WFBT  * 


Temperature  Rise  -  Transpiration 
Cooled  Section  (Fuel) 

Tempcniture  (Fuel)  *  Transpiration 
Cooled  Section  (Exit) 

Pressure  Drop  (Fuel)  -  Transpiration 
Cooled  Section 

Pressure  (Fuel)  -  Transpiration  Cooled 
Section  (Inlet) 


Temperature  -  (Fuel).  Heat  Exchanger  No.  1 
(Exit)  (See  Section  fp~j) 


Thrust  Ratio  (See  Section 
KOFTP  *  f (OFC),  Refer  to  table  LX. 


) 


Correction  Facto-  -  Mixture  Ratio, 
Transpiration  (Cooled  Section)  Pressure 


Pressure  -  (Main)  Chamber,  (See 
r - 1 

Section 


liP. 


Mixture  Ratio  -  Engine  (Overall)  - 
Requested 


Mixture  Ratio  -  Main  Chamber 


Correction  Factor  -  Mixture  Ratio, 
Transpiration  (Cooled  Section) 
Temperature 


Floy  -  Fuel,  Low-Speed  Inducer 
Turbine  (Calculated  in  Section 


:  lbg/in? 

;  lbf/ln? 
i  °R 

:  D'less 

!  D '?  css 

;  D'less 

s  D'lfl'iS 
!  D'less 

:  D'lcec 

!  lb  /sec 
m 
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UNCLASSIFIED 


/tt\  m.LI  -  tv 

\u/  1UU4.U  UA  1 


1 


'sO'^***'*  ”*  "*  *%M»w •»■*  •'»* 
oF  (OFC) 


OFC 

KOFTP 

OFC 

KOFTP 

2.0 

0.927 

6.6 

0.960 

2.6 

0.971 

7.0 

0.9214 

3.6 

1.008 

7.6 

0.840 

4.0 

1.016 

e.o 

0.778 

4.6 

1.020 

S.6 

0.673 

5.0 

1.0198 

9.0 

0.600 

5.6 

1.012 

9.6 

0.490 

6.0 

1.0 

10.0 

0.413 

(U)fil  .  .IN  REGENERATIVE  NOZZLE  SECTION  (HEX  NO.  2);  AND 
— 1  PRE BURNER  INJECTOR  (FUEL  SIDE) 

EQUATIONS 

WKX2  -  C2?  •  AFPDx/y  ypFPD  •  sj PFPD  -PFSP 
PFSP  -  PHX2  +  APHX2 

&PHX2  -  C2g  •  (PFG)0,05  •  (WHX2)2/£HX2 
pHX2  «  Cl0Q  •  PHX2/THX2 
ATHX2  -  C29  •  (PFG)U,a7  •  fl4/(WHX2) 

THX2  -  (TFPD  +  PTHX2)  *  j  1/ (1  +  C„Q  •  S)j 
FTT5T2  «  C3l  .  THX2  •  (WHX2  -  WFB) 

WFb  -  AF3x/y  •  f24  •  PHX2//THX2 

CONSTANTS  AND  FUNCTIONS 


Where  5 


C2?  -  1/1.496  -  0.6684 
C28  «  0.6242  g  10' 1 
C29  -  0.3972  x  104 

C~f  ;  Main  Regenerative  Heet  Exchanger 

x  Temperature  Time  Constants,  Cjo-ioO  “  0.2500 

Cn  «  RH/VHX2  -  9200/1683  -  0.5466  x  10 
C;Q0  “  0,1878 

f14  :  KOFHT  ■  f(OFC),  Refer  to  table  LIV. 

PARAMETER  DEFINITIONS 


WHX2  «  Flow  -  (Fuel),  Heat  Exchanger  No.  2 
(Coolant  In) 


PFPD 


Density  -  Fuel  Main) 
(See  Main  Fuel  Pump) 


677 


itrtf 


lb  /sec 
m 

lbjfi/i’t 


ip  Discharge 


fAtuu'ifiicK  DEFINITIONS  (CuniltiUeu) 


PFPD  ■  Pressure  -  Fuel  Pump  Discharge 
(See  Main  Fuel  Pump)  (IT] 

PFSP  *■  Pressure  -  Fuel  (Heat  Exchanger  No.  2 
Inlet) 


2 

lb  ?/ in  * 

,,  < .  2 
lb  £/ in  • 


PHX2  *  Pressure  -  (Fuel),  Heat  Exchanger 
No,  2  (Exit) 

APHX2  “  Pressure  Drop  -  (Fuel)  ,  Heat 
Exchanger  No.  2 

0HX2  “  Density  -  (Fuel)  ,  Heat  Exchanger 
No.  2  (Ex* t) 

ATHX2  *  temperature  Rise  -  (Fuel),  Heat 
Exchanger  No.  2 

THX2  ■  Temperature  -  (Fusl),  Heat  Exchanger 
No.  2,  (Exit) 

AFPD  -  Area  -  Fuel  Pump  Discharge  (Valve), 
(Ef  £oct  Lve) 


lbf/in* 


lbf/in* 


Vft' 


*R 


AFB 


S  *»  Laplace  Operator 

WFB  *  Flow  -  Fuel ,  Preburner  (Injector) 

AFB  *  Area  -  Fuel  (Side)  ,  Preburner 
(Injector)  (Effective) 

2.661,  AFB_l00/6  -  1.814 
1.403 


lb  /sec 

(ft 


in, 


-x/y 

5  AFB- 100/5 

A?B-100/‘/ 

f24 

:  W  •  VT/A 

AFPD 


AFPD 


x/y 


(PFG) 


0.05 


Area  (Effective)  -  Fuel  Pump  Discharge  2 

(Valve)  : 

AFFD- 100/5  "  3'237'  AFPO-100/6‘  3'237‘ 

“">-100/7  '  3'2U 

(C-q  •  PFG)  +  Cgo-x*  See  Section  [A]  1  D'io6fl 


TFFD  e  Temperature  -  (Main)  Fuel  Pump 


Discharge,  Section 

RH  B  Gas  Constant,  Hydrogen 

VHX2  D  Volume  -  (Main  Regenerative  Nozzle 

Section  -  Coolant  Side)  Heat  Exchanger 
No.  2 

PFG  *  PC/ (PC  at  100%  Thrust  Level), 

See  Section  ITT 


:  R 

:  in. -lb. 


in? 


:  D'leae 


ivi 


(U)  Table  1X1.  f,  V^APjj  as  a  Function 
of  (FHa2/?B) 


piiKi 

P8 

7  « 

f24 

1.39 

PRX2 

PB 

Ml 

to 

•P* 

1.05 

0 . 06 

1.45 

0.1315 

1.078 

0.0748 

l.b 

0.1370 

1.10 

0.0829 

1.75 

0.139 

1.15 

0.097 

1.39 

0.1399 

1.25 

0.115 

2.0 

0.1399 

1.35 

0.1252 

(U)0  OXIDIZER  LOW-SPEED  INDUCER  AND  FLOWMETER 

EQUATIONS 

WL  »  WLB  +  WLC 
FTCS  “  C43  •  (TQ1.LT  -  TQLBP) 


“''LHP  *  f 
A.’LB  *  £, 


27-x 


L28-x 
FLBD  *  PL1  +  APLB 


APLWM 


"44 


(WL) 


PLIM  -  PLBD  -  APLWM 
CONSTANTS  AND  FUNCTIONS 

FLI  -  0.3760  x  102 
C43  °  9.55/JLBP  -  0.2870  x  1C3 


.  i 


C44  “  ( l  .‘*96;2/ j  PT  ’  (AWLM)2U  0,  2 '712  x  10 

f2?  “  f(NLB,  WL)  Sea  figure  633  for  f0. 

*■'  r-  2/-100 
i8-x  "  £*LB.  WL)  »  See  figure  634  for 

FARAMETER  DEFINITIONS 


JLBP  a  Rotor  Polar  Moment  of  inertia. 
Oxidizer  Low- Speed  Inducer 

AWLH  »  Area  (Effective),  Oxidizer  Flowmet*-. 

Ph  K  Oxidizer  Density,  (Low-Speed  Inducer 
Inlet) 


5  ft  •  lb.  '  sec^ 

?  t 
.•  in. 


:  lbm/ft' 


n9 


P  WS***  -i 


CLASSIFIES 


PARAMETER  OEF.  CIONS  (Continue^ 

LT,  *»  Flow  -  Oxidizer ,  (Engine  -  Total) 

WLB  “  Flow  -  Oxidizer,  Prehurner  (Injector) 

W*LC  *  Flow  -  Oxidizer,  Main  Chamber  (Injector) 

NLP,  «  Speed  -  Oxidizer  Low-Speed  Inducer 

TQLBP  *  Toroue  -  Oxidizer  Low-Spsed  Inducer 
(Resulted) 

TQLBT  *  Torque  -  Oxidizer  Low-Speed  ^nducer 
Turbine  (Delivered)  Section 

AFLB  d  Pressure  Rise  -  Oxidizer  Low-Speed 
Inducer 

FLBO  «*  Pressure  -  Oxidizer  Low-Speed 
Irducer  Discharge 

APLWM  *•  Pressure  Drop  -  Oxidizer  Flowmeter 
PLIM  *•  Pressure  -  Oxidizer  Inlet,  Mule  (Pump) 
PLI  -  Pressure  -  Oxidizer,  (Engine)  Inlet 


lb  /»«c 

.n 

lb  /scC 
m 

lb  /ae c 
m 


lb£-fl 

lb  /«n? 

lbc/ln? 

lb,/ in? 

lb  /in? 
I 


(U)jT|  MAIN  OXIDIZER  PUMP  AND  PRE BURNER  INJECTOR  (OXIDIZER  SIDE) 


E  QUA'*  IONS 

NLP  =  C;  .  (TQLT  -  TQLP) 

TQLPtf29-x 
APLP*  f3C-x 
PLED  -  PLIM  +  APLP 


WLB  =  C46  ,  ALB  .  yj (PL PD  -  PB) 

ALB  =  C/,7  +  |  1/  yc90  +  (i/(ALDV)2}  j 


CONSTANTS  AND  FUNCTIONS 


9.55/JLP  *  9/40  x  10 


C  ;  r 
4  b-  v  '.6-5 


5.470,  C. 


".6-5  ’  “/,b.6 

aPRI  =  0.4150  x  10-1 


5.524,  C, ,  ,  =  S 

■4  o-  7 


C>>  =  1 AASEC)  =  0.8044 

l29-x  “  f(NLP»  Wl«)  “  See  figure  635  for  ^Q-iOu 
C30-x  “  f*NLP’  ^  °  See  63o  for  f-,Qml00 

■3-*'y  :  AlB. 100/5  ‘  °-3237’  AL8~100/6  "  °'3939.  AL8.!00/7  *  °'5284 
’V-„y  !  AU,V-100/S  ^  °'29U’  "•=*- 100/6  ”  °-3'15’  ALDV-100/7  ”  °'5412 


UNCLASSiriES 


CMtNM 


W4*e*T  ’  *  £  -  "  *  .  ’  '  -  -  *  '  I 

'  '  *  ’  i  '  :  '1  '  ‘  ' 

1  '  ;  1  I*  !  \ 


5*<?  *  **tnr  fmsss£  - 


I 
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COHFIBEHM 
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PARAMETER  DEFINITIONS 

NLP  Speed  -  (Main)  Oxidizer  (Turbo)  Pump  :  rpm 

TQLP  “  Torque  -  (Main)  Oxidizer  Pump,  (Required)  j  ft-lb* 

T^LT  «  Torque  -  (Main)  Oxidizer  Turbine, 

(Delivered)  (See  Section  S  )  ’* 

£FLP  *  Pressure  Rise  -  Gxidlzor  Pump  (Main)  :  ibf/ln. 

FLFD  •*  Pressure  -  Oxidizer,  (Main)  Pump  2 

Discharge  '  lb. /in. 

2 

PtXM  *  Pressure  -  Oxleiz“»  Inlet,  Main  (Pump)  :  lbf/ln. 

WLS  »  Flow  -  Oxidizer,  Piaburner  (Injector)  :  ibf/sac 

ALB  *  Area  -  Oxidizer,  Freburner  (Line  and  2 

Control  -  Effective)  *•  In. 

APHl  “  Area  -  Primary  (Erf-burner  Injector)  2 

(gffe-.tivd)  !  ln- 

ASSC  «*  Area  *  Secondary  (Preburner  Injector)  2 

(Effective)  :  *-R* 


ALDV  «  Area  -  Oxidizer,  (Plow)  Divider  Valve, 
(Effective) 


pg  *•  Pressure  -  Preburner  (See  Section  [  Kj) 
PLED  *»  Pressure  -  Oxidizer,  Main  Pump  Discharge 
JLP  Rot-^r  Polar  Moment  of  Inertia,  Main 
Oxidizer  Pump 


loF/in2 
£  ^ 


ft  lb^  sec* 


(U)  jll  TURBINE  -  OXIDIZER  LOW- SPEED  INDUCER  AND  MAIN  CHAMBER  OXIDIZER 

INJECTOR 


EQUATIONS 

I  «  .  (WLC/ALBT) 

TQLBT  «  WLC  .  j  (C49_K  ,  v®Ot)  -  (C50_x  .  NLB)j- 
WLC  =  C51  .  ALOX  ,  yj  (PLPD  ~  PC)  . 

ALOX  *  1/  slc52  +  (1/STC2)  +  (1/AI5T2) 

CONSTANTS  AND  FUNCTIONS 

where ; 

^48-x/y  1  =48-100,5  '  °-567>  -  l0'/  8-100/6  '  0-*'89  8  l°’2 

=48-100/1  ‘  9-WM  8  ,0_ 

C49-x  !  C49- 100  ”  2*919 
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CGHFtDENTlAL 

(This  pns*  H  Un«lot*lfl*d} 


CONFDENM 


CONSTANTS  AND  FUNCTIONS  (Continued) 

So-,;  1  c5<moo  ■  °-26”  * 


C51-x/y  S  C5U 100/5  "  5,4?0’  C51- 100/6  “  5*524» 


G51-100/7  "  5,539 


*52-x/y 


(l«Tn2)  !  C52.100/5  -  0.1773,  C52.100/6  -  0.1742, 


C52- 100/7  "  6,1714 


ALOX-x/y  :  ALOX-lOQ/5  «  1.034,  AL0X-10Q/6  «*  1.276, 
ALOX- 100/7  “1.550 

ALBT-x/y  5  ALBT-100/5  -  2.514,  ALBT-100/6  *=  2.862, 
AL8T- 100/7  “  3.058 

ALC^x/y  s  ALC- 100/5  -  1.292,  ALC- 100/6  -  1.774, 
ALC- 100/7  “  2.694 

PARAMETER  DEFINITIONS 


AHI.ET  k  Enthalpy  Drop  -  Oxidizer  l.ow-Speed  7nducer 
Turbine 

ALET  »  Area  -  Oxidizer  Low- Speed  Inducer  Turbine 
(Variable) 

TQLBT  »  Torque  -  Oxidizer  Low-Speed  Inducer 
Turbine  (Delivered) 

WLC  «  Flow  -  Oxidizer,  (Main)  Chamber  (injector) 

ALOX  “  Area  -  Oxidizer  Effective  Total  Area  - 
Main  Chamber  Injector  and  Controls) 

ALC  *  Area  -  Oxidizer  (Main  Chamber  Line) 

Control 

ALI.T  **  Area  -  Oxidizer  (Main  Chamber)  Injector 

HLB  e  Speed  -  Oxidizer  Low-Speed  Inducer 

PLPD  a  Pressure  -  Oxidizer  Low-Spec-1  Inducer 
Discharge 

PC  “  Pressure  -  Main  Chamber 


Btc/lbra 

in? 


:  ft-lb. 


lb  /sec 
m 


in? 


in? 

in? 

rpm 

lb, /in? 

lb, /in? 
r 


383 
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1  1  1  l 
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t  i  i 
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a  ja  « 
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Ha  in  Oxidizer  Purap  and  I>F  59726  Figu 

Preburner  Injector  Char¬ 
acteristics  Curve  (Sheet  I) 


UNGUSIIFIIB 


[k^  preburksr  and  main  turbines 

EQUATIONS 

&  »  C56  .  f3i  •  (WFP  +  WLB  -  WFT  -  WLT) 

FLO  “  f 22  ‘  £33  *  PB 
v/£hP  -  •  f35 

OFB  «  WLB/WFB 
WFT  -  C57-k  .  FLO 

TQFT  «  WFT  .  |(C58-x  •  ,/£&?)  -  (C59-X  •  NFP)j 
WLT  *  C6Q-X  *  FL0 

TQLT  *  WLT  .  |(C61-x  .  >/5hF)  ”  <c62-x  " 
CONSTANTS  AND  FUNCTIONS 


where: 


C_,  “  1/VB  B  0.7143  x  10 
5o 


c57.xte  APT!  C57-  1,00  1,581 


C58-x/y  °  C58-100/5  "  4’715,  C58- 100/6  “  4‘678’ 


C58- 100/7  “  4,618 


C59-x=  C39-  100  =  0,9517  *10'~ 


c60-x*  ALT{  C60- 100  0,7643 


C6L-x/y  5  °6l- 100/5  “  6,324>  C61- 100/6  °  6,255> 


C61- 100/7  *  6,165 


'62- x  *  62-100 


*  0.2205  x  10_/ 


31 


l32 


33 


l34 


RB  •  TB  »  f (OFB)  Refer  to  J  LXII 
1//RB  •  TB  “  £  (OFB)  Refer  to  table  LXIII 
W  .i/it  •  17  (A  •  P)  -  £  (PB/W11J)  Refer  to  table  LXIV 
\/CPB  ■  TE  B  f(OFB)  Refer  to  table  LXV 


l35 


\J i  -  (miJ/PB)7'1^7  ®  f  (IMIJ /PB)  Refer  to  table  LXVI 
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(U)  Table  LXII. 

(RB  •  TB)  as 
ot  (UFB) 

a  Function 

UFB 

f31 

OFB 

f31 

0  .4 

4.85 

0.9 

7.90 

0.5 

5.70 

1.0 

8.27 

0.6 

6.40 

1.2 

8.90 

0.7 

7.00 

1.35 

9.26 

C.8 

7.50 

1.45 

9.55 

(U)  Table  LXI11. 

t\j2(i/ v/rF 
of  (OFB) 

•  TB  ) 

as  a  Function 

OFB 

f32 

OFB 

f32 

0.4 

1.435 

0.8 

1.155 

0.45 

1.365 

0.9 

1, 

0.5 

1 .320 

l.i 

1.078 

0.6 

1.250 

1.3 

1.045 

0,7 

1.195 

1.5 

1.022 

(U)  Tabic  LX1V,  f 


33 


W  >/RT/  <AP) 


as  a  Function 


of  (PB/miJ) 


y  ~ 

1,37 

SB ... 

c 

PH 

PMIJ 

PMIJ 

33 

1.0 

1.00 

1.40 

12.3376 

1.03 

5.00 

1.50 

12.3195 

1.10 

7.9574 

1.70 

13.2747 

1.15 

9.3 

1.8868 

13.3645 

1 .20 

10.2685 

2.000 

13.3645 

1.30 

1  1.5572 
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(U)  Table  LXV.  t-jJ/CTh  *  TBj  as  a  Junction 
of  (OFB) 


OFB 

f34 

OFB 

f34 

0.4 

46.0 

0.8 

57.0 

0.5 

49.4 

0.9 

58.8 

0.6 

52.4 

1.0 

60.3 

0.7 

54.9 

1.4 

65.5 

(U)  Table  LXV !, , 


uil/l  -  (PM1J/PB) 


>-l/>\ 


35'  ' 

or  (mu/p») 


a  Function 


mid 

-  PB 

■y  * 

c35_ 

1.37 

PM1J 

PB 

C35 

0.0 

1 .000 

0.7 

0.3030 

0.02 

0.82 

0.8 

0.2418 

0.05 

0.7447 

0.9 

0.1674 

0.1 

0.6804 

0.95 

0.1172 

0.2 

0.5937 

i  .00 

(5. 0000 

0.3 

0.5268 

PARAMETER  DEFINITIONS 

Til  Temperature  -  Prcburner  Combustion  Chamber 

I’ll  Pressure  *  Pro  burner 

VB  *-  Volume  -  Pro  burner  Oombusclon  Chamber 

Fl.O  «*  Intermediate  Calculation  lor  Turbine  Gas  Flow 

RB  1  Prouurner  Combustion  Products  -  Gas  Constant 

AHP  “  Enthalpy  Drop  -  Main  Turbines 

IHIJ  Pressure  -  Main  Fuel  Injector  (Transition 
v»)  (Section  |'lJ  ) 

OFU  5  Mixture  Rutlo  -  Preburmvr 

WFB  *•  Flow  -  (Fuel)  -  Preburner  Injector 
(Section  G  ) 

V1FT  »  Flow  (Gas)  -  (Main)  Fuel  (Turbopump) 

Turbine 

NFP  *  Speed  -  Main  Fuel  Turbopump  (Section  [""o]) 
__TQFT  g  Torque  -  (Main)  Fuel  (Turbtpump)  Turbine 
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lbf/int 


in. -lb, /lb  -UR 
t  m 


Bt:u/lb 


lbf/ln? 
D’  less 


lb  /sec 
m 


lb  /sfc 
m 
rpm 


*  lbr£t 


PARAMETER  UErlNIjflONS  (Continuoo; 

WLB  R  Flow  -  (Oxidizer)  *  Preburner  Injector 
(Section  JjTJ) 

WLT  B  Flow  (Gas)  -  (Main)  Oxidizer  (Turbopump) 
Turbine 

NLP  *»  Speed  -  Main  Oxidizer  Turbopump 
_  (Section  EX!)—  - 

TQLT  K  Torque  -  (Kalu)  Oxidizer  (Turbupump)  Turbine 

ALT  B  Effective  Area  -  Main  Oxldisor  Tuthln» 

AFT  *»  Effective  Area  -  Main  Fuel  Turbine 

CPU  *  Specific  Heat  (Constant  Pressure) 

Preburner 

y  c  Ratio  of  Specific  Ueats 


lb  /see 
m 


:  lb  /sec 
m 


!  rpm 

:  lb, -ft 

f 


«  2 
;  in. 


:  Btu/lb  - 


(U)  jT]  TRANSITION  CASE,  MAIN  FUEL  INJECTOR  AND  MAIN  CHAMBER 


EQUATIONS 


am  -  C63  .  f3l  .  (WFT  *  WLT  +  WTC  -  WM1J) 

WM1J  “  C6A.X  .  C32  .  £*,8  •  1M1J 

WF1J  a  WMIJ  .  (WFB  WTC)  /  (WFB  +  WTC  +  WI.B) 

W1.IJ  «•  WMIJ  .  (WLB) /(WFB  +  WTC  +  WLB) 

UFC  -  (Wl.IJ  +  WLC)  /WFI.I  +  WFBT) 
k  -  C65  .  f39  •  (WMIJ  +  WFBT  +  WLC  -  WOUT) 

WOUT  K  C66-x  *  r40  ’  K 
OFE  ■  WL/WFX 

CONSTANTS  AND  FUNCTIONS 


Crn  *  1/VMIJ  "  U.5000  x  10 
OJ 


C64-«/y  "  AML'  !  C64-100/5  “  5‘°68’  C64-100/G 

G64- LOO/7  "  i<*935 
C,,  «  iA'C  -  0.8333  x  10'3 

£>J 

C66-x/y  *  AT  *  8  :  C6b- 100/5  “  0,1496  x  10  * 
C66-  100/6  =  0,1502  X  l0*’ 
C(>6»3  00/7  "  °'l51/'  x  10 


■  5.068,  C, 


“  4 . 96'  , 
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CONSTANTS  AND  FUNCTIONS  (Continued) 

f3l  -  RB  •  TB  ~  f(OF8)  ,  Sea  Preburnar,  Section 

J32  "  '  T8  r  t(OFB),  See  Preburner,  Section  QT] 

f3y  •  RC  •  TC  11  l(OFC),  Refer  to  table  LX VI I 

£/0“  l/(t)c*  *  C*)  -  f (OFC) ,  Refer  to  table  LXVIXI 

f38  **  w  ‘  v/H  *  r/  (A  •  V)  -  ffmiJ/PC)  Refer  to  table  UIX , 


(U)  Table 

l.XVll. 

S(J 

of 

(T'.C  •  TC) 
(OFC) 

us  a  Function 

OFC 

OFO 

Sy 

2.0 

10.23 

4.2.. 

1C.  05 

3.0 

10.20 

4.50 

9 .  95 

A.O 

10.12 

10.  MO 

7.08 

an  Table  l.XVIIl.  (  {)  l/(r)c*  *  C*)  as  Function 


MU!  J 

of  (OFC) 

OFC 

So 

OFC 

So 

2.0 

0.0001293 

A.  75 

0.0001271 

2.35 

0.0001275 

5.25 

0.0UU1283 

2.75 

0.0001263 

5.75 

0. 000 1300 

.  3.25 

0.0001259 

7 . 50 

0.000 13 90 

3w5 

0.0001259 

10.00 

0,0001538 

A.  ”5 

0.0001262 

(U)  Table  1.X1X,  t  ^jW  v/RT/ (AP)|  as  a 
of  (miJ/PC) 

Function 

mu 

Sa 

W1J. 

co 

n 

— j 

PC 

PC 

1  .0 

0 . 00 

1  .AO 

12.3376 

1 .03 

5.00 

1.50 

12.8195 

1 .10 

7. 95 7 A 

1  .70 

13,27*47 

1.15 

9.3 

1.8869 

1.3.36A  5 

1  .20 

10.2685 

2.000 

13.36A5 

1  .30 

.1.5572 
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PARAMETER  DEFINITIONS 

33>UJ  a  Pressure  -  Ma  1  n  (Gaa)  Injector  (Transition 
Case) 

t 

mi'  ■  Pressure  Change  Rate  -  Main  (Gas)  Injector 
WM1.)  B  Flow  (Gas)  -  Main  (Gn«)  injector 

WFH  E  Flow  -  Fuel  ,  Pri burner  (Injector)  , 

See  Section  fG~ | 


WF1J  *  Flow  -  Fuel  ,  (Main  Gas)  Injector 

WTC  T  Flow  (Fuel),  Turbine  Cooling  (Etc,), 
See  Section  l*C  | 


OFC  •  Mixture  Ratio  (Main)  Chamber  (Chamber- 
0  vo-ra  1  1 ) 

T)c*  «•  Characteristic  Velocity  Efficiency 
PC  *•  Pressure  -  (Main)  Chamber 
Cv  Characteristic  Velocity 
WQUT  Flow  -  (Gas)  ,  (Main  Chamber)  Out 

WFf  Flow  (Gas)  -  (Main)  Fuel  (Turbopump) 

Turbine  Section  rK] 
t _ I 

VM1J  Volume  -  Main  (.Gas)  Injector 

WbT  Flow  (Gas)  (Mam)  Oxidizer  (Turbopu'-.p) 
Turbine  Section  Ik  j 


VC  Volume  -  (Main,;  Chamber 

AMiJ  Area  -  (F  ;ective)  -  Main  Chamber  Gas  Injector 

OFK  Mixture  Ratio  -  Engine  (Overall) 

AT  Area  -  (Effective)  -  Throat,  Mein  Chamber 

g  *  Gravitational  Constant 

RC  was  Constant,  Main  Chamber  Gas 

TC  Temperature  (Gas)  -  (Main)  Chamber 

WLB  -  Flow  -  Oxidizer,  l’rebutner  (Injector), 

(See  Section  I  Cj) 

H1.IJ  -  Flew  -  Oxidizer,  (Main  Gas)  Injector 


lb, /inf 
r 


d(PMlj)/dt 

lb  /boc 
m 

lb  /sec 
m 

lb  /sec 
m 

lb  /hoc 
m 


lb  /sec 
m 

O' InsH 

D'  less 

lb  /In? 

ft /sec 

lb  /sec 
m 

lb  /see 
m 

in? 


lb  /sec 
m 


D' less 


ft/ sec 

in-lb, /lb  -°R 
£  m 


lb  /sec 
m 

lb  /sec 
in 


EQUATION  ASSUMPTIONS  AND  BASES 

(l)  A  description  of  the  assumptions  and  the  bases  for  tlu  equatloos^.iyscd 
in  tho  analog  simulation  of  the  Engine  Cycle  AF  lltlA  Is  iTtcTTefed  bate 
^lt.ng  with  a  description  of  the  technique  employed  ir.  activating  this 
sibilation  on  the  P&WA-FRDC  analog  computer. 
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I  (U)  Certain  assumptions  have  boon  marie  in  arriving  at  the  equation**  used 

1  la  this  analog  simulation,  A  summary  of  the  equations  used  is  shown  In 

figure  637,  and  the  more  significant  assumptions  made,  along  with  the 
bases  of  Che  equations  Involved  are  discussed  in  the  following  para¬ 
graphs  , 

1.  Fluid  Flow  -  General 

(U)  When  simulating  the  fluid  flows  through  the  engine,  the  oxidizer 
(oxygen)  is  considered  to  be  liquid  :rom  the  tank  through  Che  ixldlzer 
Injectors,  and  the  fuel  (hydrogen)  is  considered  to  be  !<qulo  trom  the 
i  tank  up  to  the  .nlet  of  the  nozzle  sections,  (heat  exchangers).  Beyond 

;  those  points  the  fluids  are  considered  to  be  gases. 

i 

(U)  Where  Bernoulli's  equation  is  used  in  determining  flow  rates  or  pres- 
i  sure  drops,  the  How  Is  assumed  to  be  steady,  irrotatior.al ,  one-dimensional, 

frictionless  and  adiabatic;  and  differences  in  component  elevation  as  well 
as  any  influence  of  external  forces  such  as  vehicle  accelerations  are 
disregarded . 

(U)  Certain  line  pressure  drops  have  oeen  consolidated  with  adjacent 
component  pressure  drops  in  this  Engine  Analog  Simulation  to  reduce 
the  amount  of  analog  computer  equipment  involved.  The  following  areas 
of  consolidation  should  be  noted; 

a.  Upstream  line  loss  is  included  with  the  transpiration  cooUng 
flow  orifice  (ACC; 

b.  Downstream  line  loss  is  Included  with  the  main  fuel  pump 
discharge  valve  (/ FPD) 


c.  Upstream  line  loss  Is  Included  with  the  fuel  preburner 
injector  (AFB) 

d.  Downstream  line  loss  Is  Included  with  the  transpiration 
heat  exchanger 

o .  Downstream  line  loss  is  included  with  the  luel  inducer 
turbine 


Upstream  line  loss  in  included  vlth  the  oxidizer  prc&urner 
injector  (ALB) 


g.  Upstream  line  loss  is  included  with  the  oxidizer  Inducer 
turbi ne 

h.  Upstream  line  loss  is  included  with  th«*  main  oxidizer 
irjector  (ALIJ) 

i.  Upstream  loss  Is  included  with  the  main  turbines 

J.  Upstream  loss  is  incl  idod  with  the  main  gas  injector 
(AMIJ) , 
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(C)  Because  Clow  througir  the  dump  coolant  valve  (ADCV)  La  subject  to  phas* 
change -during  operation,  particularly  at  the  lower  <207.)  thrust  levels, 
this  valve  Is  treated  as  a  cnvitatlng  venturi  type  of  valve  with  satura¬ 
tion  pressure  assumed  to  exist  at  the  throat.  Thu  effective  throat  area 
(ADCV)  was  established  on  this  basts. 

(U)  All  Clow  areas  used  In  the  analog  simulation  were  calculated  using 
cycle  flows  and,  where  applicable,  the  consolidated  pressure  drops  noted 
above . 


2,  Liquid  Flow 


(0)"  Ail- liquid  flow  in  this  program  is  considered  Incompressible.  The 
liquid  flow  '•«»tesi  up  to  and  through  the  fuel  valves  and  the  oxidizer  Injec¬ 
tors  arc  simulated  In  the  following  form  by  t'te  combination  of  Bernoulli's 
equation  and  the  Continuity  equation, 

/Vs"  AT 

Bernoul  It '  s  equation;  V  •«  'y  — 


Continuity  equation: 
therefore : 


w  =  pAedV 


w  ;- 


Acd_ 


1  .496 


Vpar 


•when 


w  a  J'iow  rale,  lb  /see  - 

2 

Acd  effective  area,  in. 

p  -  DeUStiv,  !b  /1L^ 

_  in  _  2  —  - 

41’  ■*  l’regsuru  drop,  IbI/in. 

*•  2 
g  *  uravl  tatiorsn  1  constant .  it- lb  /lb  « sec 
t-  . in  C 


j.  Has  Flow 


(U)  Bernoulli's  equatic  :  as  formulated  for  an  •»ntroplc ,  perfect  gas  flow 
pree-ess  Is  used  In  determining  the  gas  flow/t-i  through  the  preburner  - 
fuel  and  mnln-gon  injectors  as  well  as  through  v  wain  turbines  and  the 
fuel  boost  turbine ,  Bernoulli'!  equation  In  this  gair  flow  form  is: 


w  ■  JR  •  Tj 
~",™  •  P . 


V|28t  T/it-l)!  ItH./P,)-"  L/>  -  1 


r  2‘ 


cp}/p2)7H/2> 


s  (;,is  ['low  Parameter 


Wh**re : 


V  «  Flow  rale,  lb/ see 

T  *  Upstream  i> mpc. acute,  aR 

l<  *  G.-is  cmialanl. ,  fl-jbr/ib  *’’H 

f  , — a.-  — 


GtPDENM 


Acd  *  Effective  ln._^:  _ _ _ 

«  Upstream  pressure,  lb^/in.  (abs) 

>  »  Specific  heat  ratio  (C  /C  ),  d'less 

i  . .  ..  P  ^  2 

g  »  Gravitational  constant,  ft-lb  /lb.-sec  • 
c  m  t 

(U)  For  hydrogen  gas  flow,  the  hydrogen  gas  constant,  R,  is  constant  and 
is  included  when  calculating  the  hydrogen  gas  flow  parameter  ns  follows: 


w  •  / Fp 


2ge  V/RO  „|  |<w 
z  (t,l/p2)y+1JF 


y-i/y 


—  *  Hydrogen  Gas  Flow 
Parameter 


These  flow  parameters  arc  calculated  for  the  pertinent  specific  heat 
ratio  :(Y)  and  mi  functions  of.  the  total  to  static  pressure  ratio  *  V\i^2' 

It  should  be  noted  that  in  the  analog  simulation  the  pressure  ratios  used 
are  total -Co-total ,  which  are  not  consistent  With  the  flow  parameters 
definition  given  above.  This  i ncomp.it  11)1 11  Uy  has  becti  found -to  be  neg= 
iiglhU;  in  most-j-Hsaes,  and  when  it  was  necessary  it  was  compensated  for 
in  the  program  constants  (i.e,,  turbine  torque  constants).  This  is  the 
basis  for  these  functions  as  used  in5  the  analog  simulation.  — .  - 

^TJ7=^Tr=Tf^s=£tfcsiia>eii-dthat._-the  nr e burner  temperatu  u  can  be  used,  when  cal¬ 
culating  the  main-gas  Injector  flaw  (iVMIJ)  by  slightly  (3.5*4)  changing 
the  main-gas  Injector  area  (AMIJ).  The  f.ma  1 1  sat: r l floe  in  dynamic  accuracy 
resulting  from  this  assumption  is  compensated  for  by  the  elimination  of 
inaccuracies  ill  the  additional  operations  otherwise  required  to  determine 
and  incorporate  the  turbine  downstream  temperature  Into  this  gas  flow 
calculation. 

4.  Gas  Pressures- 

(U)  The  instantaneous  gas  pressures  within  such  engine  volumes  as  the 
prt?burneu?  transition' ease,  main  chamber  and  the  nozr.ie  section  fuel 
passages  arc  obtained  by  continuously  integrating  the  following  express  Lem.. 


P  •=  (R/V)t(wj  -  w  ) 


where : 


P  *  Rnt l*  of  change  oJ  pressure  -  lb_/in?-sec 

j  1 

V  »  Vo  1  utiie  -  in. 


— r~— c  Tempera  fore  -  -  ii —  '  - 

—  —  — ^  v  |fjow  into  volume  -  lb  /sec 

1  m 

«2  «*  Flow  rate,  out  oi  volume  -  llWaec 

R  *  Gas  constant  -  in.-lb./l'i  -"K 

f  m 

(U)  IC  (Initial  or/JLtlon)  values  on  assigned  to  these  pressures  before 
the  computer  Is  switched  to  'compute,'*  Thereafter  these  pressure  values 
ijj.'u  controlled  by  computer  integration.  -  ~ 


(Thi*  pogt  it  U-;leu»ifi#d) 


unclassified 


(U)  The  Above  differential  expression  is  derived  from  the  perfect  gas 
law  as  follows: 


where! 


RTm/V 


v  «  Pressure  -  ib./in.-nec 

-  -  -  ;^rr-  -----  t 

R  *  Gas  constant  -  in.-lb./lb  -#R 
—  _  i  m 

T  ■  Temperature  -  °R 

--  ,  3 

m  «  Mss s  density  -  lb  /in. 

3  ® 

V  ■  Volume  -  in.  * 


withirespect  to  time 


d(P)/<it  «  (RT/V)d(m)/dt  +  (MR/V)d<T)/dt 


Because  the  temperature  of  an  Ideal  gas  is  a  function  of  the  gas  energy  only, 
no-change  In  stagnation  temperature  results  from  consideration  of  reversible 
adiabatic"  flow  in  and  out  of  the  volume.  Therefore,  dT/dt  Is  aero  and 
consequently 


F  -  d(P)/dt  -  (RT/V)dm/dt  -  (RT/V)(wl  -  w2>. 


5 .  Pumps 

(IT)  The  pump  characteristics  are  depicted  by  the  Pressure  Rise  vs  Flow  and 
Torque  vu  Flow  curves  that  are  bivariate  with  speed.  These  curves  are 
provided  for  each  of  the  four  pumps.  = 

(U)  Angular  momentum  is  used  In  determining  the  pump  speeds  as  follows: 

J  •  &  »  T 

where : 

T  ■  Torque  _  __ 

H  *  Time  rate  of  change  of  angular  velocity  (angular  acceleration) 
J  «  Polar  moment  of  inertia  for  turbopump  rotor"  assembly 


therefore;  __ 

N  *  I/J  *  (turbine  torque  »  pump  torquc)/J. 


.1 

£ 

ffi 


(U)  The  analog  computer  continuously  im. 'grates  this  expression  to  develop 
the  Instantaneous  pump  speeds. 

6.  Regenerative  Soxzle  Sections  (Heat  Exchangers) 

(U)  The  expressions  for  pressure  drop  and  temperature  rise  of  the  coolant 
(fuel)  passing  through  the  different  noxide  sections  and  che  main  chamber 
transpiration  cooling  section  are  empirically  derived.  This  includes  the 
time  constant  which  adde  a  dynamic  factor  to  these  expressions.  - 
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(U)  Another  dynamic  factor  la  Introduced  In  the  simulation  by  considering 
the  equivalent  volume  of  the  nontie  sections  and  their  manifolds  a*  existing 
between  two  Eiow-.reguiaring  areae.  The  instantaneous  g<i«  pressures  within 
these  volumes  ore  developed  from  the  conseryat'.n  of  mass  relationship  as 
discussed  In  paragraph  4,  Gas  Pressures,  The  ieiativeigr  small -volume 
of  the  main  chamber  transpiration  cooling  section  hae  buen  added  to  the 
volume  of  the  transpiration  supply  not**£TiXit£3n  to  provide  for  its  dynamic 
effect  on  the  fcranrpiration  flow.  '  ~  ' 

7.  Preburner  and  Main  Turbines 

(U)  Pressure  in  the  pre-burner  Is  derived  from  the  conservation  of  mass 
relationship  discussed  In  paragraph  4,  Gas  Pressures. 

(U)  Tha- FLO  expression  la  an  intermediate  step  in  the  calculation  of  gas 
flow 'through  the  main  turbine  areas  as  noted  in  paragraph  3,  Gas  Flow, 

(U)  The  adiabatic  flow  of  gaBes  through  a  turbine  was  expressed  as: 

Ah'  -  Cj)(T1  -  T2) 

where  Ah'  Is  the  Ideal  enthalpv  drop  across  Che  turbine,  la  the  specific 
heat  of  the  gas  at  constant  pressure,  and  Tj ,  :Tj  are  "the  turbitw  i*4et  and 
outlet  total  temperature*.  For  Isent  sple  flow  of  a  perfect  gas7  the  total 
pressure  ratio  corresponding  to  the  temperature,  ratio  lb  given  by  the  equa¬ 
tion 


(Pj/Pj)  *  (Tj/T2) 


therefore,  combination  of  these  equations  gives 


Ah' 


This  is  the  expression  used  in  simulating  the  ideal 
the  turbines, 


nalpy  drop : across 


(U)  The  efficiency  of  an  impulse  turbine  la  defined  In  terms  of  the  ratio 
oj  mean  whiel  speed  to  the  ideal  noszle  exit  velocity  (u/c)  as  shown  by 
the  following  parabolic  curve. 


For  fixed  arc  of  admission 


The  parameter  u/c  is  proportional  to  (N/\/AhT)  where  N  is  the  turbine  speed 
In  rpm  and  Ah'  is  the  Ideal  enthalpy  drop  across  the  turbine. 
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(U)  Therefore,  the  efficiency  can  be  expressed  in  terms  of  the  parameter 
(N/ ^Ah1 )  by  ;}  similar  parabolic  corvs  as  fcTlows; 


U  r  r* 

Thu  equation  defining  this  curve  will  have  a  patiabolid  characteristic 
or  Initiating  at  the  .point  (o,o’>  as  follows: 

H  .  fc-4-  .  k.-tS-  -■  (?) 

1  2  Ju?  I4" 

Turbine  tor  quo  is  tie  fined  by  the  relationship: 

-  -  ■  -  AH’  x  ft-  x  »T  ~  .  ■ 

-  iQ  . J  - L_  (.VO) 

v  0.00013466  x  N  -  v_ 

-4_-  * 

where  W.j.  ^  turbine  mas's  Clow,  l l>m/ sec  and  the  constant  0,00013466  is  the 
units  conversion  required  to  convert  rpro  '•'*  rad/sec  and  ICju  to  ft*lb,. 

-ftgmtrl nation  of  equations  (it)  and  (10)  -i-=r=r\ 

-  ^  -T  -  hi  -  -  (11) 

'Q  V.  00013466  N  2^7  ’  A,,.  ’ 

which  can  be  reduced  to  the  form 


TQ.Vl^vSh7)-  («„  '  »)| 


tji i /t  is  the  form  in  which  the  Nirque  equation  is  used  In  t-tar digi-m* 
i*l*d  l  or  slrgu'laL  ion.  ~ 

8.  Main  Combustion  Chamber 

(U)  Thu  characteristic  velocity,"^-.  Ts  by  the  nlatio_.ni 

-  V*  *  A^F^p/m  ~~ 


A  -  Threat  area,  in< 

1  ...  2 
l>c  *  Chamber  pressure,  U>fMn.  - 

g  *  Gravitational  constant,  32.17  Cflb^/lbj.  sec 
w  *  Mass  flow  rate,  ib^/scc 
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Ami  from  the  choking  equation  for  a  perfect  gas 
c*  "  A^g/'w  ~ 

where; 

-  aC^^Si oi wt s  ul _ g a  s  constant,  1544  fj;,  lhf/ lb-mo la  °R  -  •*.  _ 

T  =  Total  gar  ♦-  ...er*turc-  -  '’R  ..  ,L 

R  -  1 . 

H  <*  Molecular  weight  of  gaa. 

The  effect  of  1  i«  slight,  so  c*  depends  primarily  upon  the  propellant 
combination,  which  determines  the  stagnation  temperature  And  molecular 
weight  ot  the  product  gases.  The  last  expression  gives  a  theoretical 
value  of  c*  as  calculated  from  the  properties  of  the  hot  combustion  gases 
and  which  is  n'  function  oL-mlxLure_.ratio,_-  -  . 

(U)  The  characteristic  exhaust  velocity  efficiency,  TJ-*.  is  the  ratio  of 
vhv  actual  c*  (realized)  to  the  theoretical  c*.  The  theoretical  c*  values 
used  In  this  simulation  are  based  on  calculations  assuming  complete  chemical 
reaction  within  the  chamber .and  a  homogeneous  gas  mixture  with,  equilibrium 
expansion  to  the  throat.  The  vSl ue s_arif  ba sedou-cmpTr-iea i  -sttsuiita.--'_ 

based  on  P&WA-FiDG  test  experience.  Th-.  re fote ,  in  terms  of  theoretical 
'~v~ — n hTHu >^7"rfhe' "Shov c  expression  becomes 

c*  .  t)  A  =*  Atl'cg/w 

or  -  ,, 

which  is  the  analog  equation  used  to  calculate  flow  out  of  the  main  chamber. 
The  function,  I /c*  ;  ,  is  based  on  the  particular  propellant  combination 

used  and  on  predicted  eftieltMei ?s  and  can  be  plotted  as  a  function  of  the 
oxidizer  to  fuel  mixture  ratio.  ^  — 

(U)  because  the  gas  flow  from  it  he  prehurne  r  (volume*-)  through  the  turbines 
(a  red") ,  transition  '-case’' (voltlirfe),  ahd'ma  In  gas  in.VtiSto?~(Jrea5  Into  the 
main  chnnilur  is  subject  to  fcl^  dynamic  ,  of  flow  through  two  volumes  and 
areas  in  scries,  and  since  those  dynamics  have  been'fWhqwn  to  have  a 
sigh.flcant  effect  on  the  main.  chamber  mixture  ratio  0>FG),  they  wejre 
considered  in  the  equation  for  OFC, 

K .  riGITAU  TRAN S 1 K NT  PROGRAM 

fU)  Tin;  following  aectireis  describe  the  digital  computer  dyadic  Simula- 
ti„n  oi  the  demonstrator  engine  cyc*^.  The  engineering  '  athematical 
representations  of  the  engine  components  are  essentially  the  same  as 
thpsu  Incorporated  In  -he  previously  deactibefl  analog  program.  Basic 
differences  In  the  two  programs  are  the  man nut  In  which  the  time  solu¬ 
tions  are  obtained  and  the  operational  procedure*!  Involved  in  execution 
of  simulations.  The  analog  solutions  are  based  on  continuous  -ime,  while 
the  digital  program  p"  lit  t  ions  ate  based  on  numerical  integration  techniques. 
Results  from  both  stiiuil.it Ions  show  excellent  agreement  of  data  over 
comparable  operations. 

700 

UNCLASSIFIED 


J 


e* 


n.. 


nfi 


f,.-«  PC, 


mwm 


(11)  th;  h  program  oa$  written  for  the  IBM  System  360  Model'  6 S  and  requireb 

th«  i'f\!  J^ulno 

*M,=  “  ?? - '*r»  — * - 1 - 


rtf  IniW)  !  u 

s  %  »-*  v  w  i  mi  ♦  1  »  »  %• 


*)  - 

*.  * 

3, 

6. 

5. 

6, 
i  , 

‘i  , 


i 00, 000  Bytes  or  25,000  words  of  storage 

An  additional  16,000  Bytes  or  6O00  words  f»*r  systems 
sjibroutino.h',  e.g,,  1/0  control,  exponential,  zero,  log, 
mh  <  *  mtn  - 

i 

Extended  binavv  coded  decimal  language 
Multiple  entry  and  return  lor  suhroucrnes- 
SemK;  light  sfbroufine  for  testing 
l  2Q  d‘roriu'ti*rs  per  Une  of  output 
1  ui tid'd if'tiou -if  <na.i  tables  Fn 'Assembly  language 

o;;srmlifv ; language  subroutine  to  count  arguments  in  a 
cal  1  illi'd  -i st  . 


1.  Program  Input'  Parameters 


(U)  The  digital  .program  ‘input  parameters  are  *sed  to  t*  s  Lab  l 1 sh  _ 

duration  of  the  »  ngine  ttansieut  calculation  (STIM*To)  ,  (2)  time  J-ttc fo¬ 
ments  to  he  taken  during  the  transient  UVf) ,  and  (3)  optional  data  print 
lime  (PTIM).  - 


To  r‘ 

CThgiili?  Trr.nsinnri'Ujrt  Time  -r,  — * 

- 

" 

i)T 

’Him-  Inc  tom  nt 

PTIM 

increment  ol  T  H ‘ tw'vcii  Printout 

STlM 

Engine  Tr.-msionr 'Stop  Time 

- 

(U)  The  following  engine  control  areas 
subrOut  me  and  constitute  the_t fans i tint 
the  control  System' wil  1  be  developed. 


LI l  he  input  through  a  separate 
•‘r-iti.UlB.-.pu  r a. me  tu  s  .a rmnuf  which  - r- 


J  * 

At.DV 

CiTtVv  in  fl 

Area 

H  . 

Aid 

Control  A.teu 

7. 

ALBT 

Control 

Area 

B , 

AFPD 

Control 

Area 

, 

AFU 

L’oni  rol 

Area 

\  £j 

.  ADCV 

Coni rol 

Area 

Prebui’ner  rsitfister  flow  divider  valve 
Main  oxidizer  line  control  valve 
Oxidizer  lov-spem.  Inducer  turbine 
Fuel  valve  at  pump  discharge 
Pi  chunter  fue  l  tn.ieccor 
Dump  loolanl  control  valve 


in 

in2 

n 

i  r." 


m 

n 

In* 


(C)  Engine  Initial  conditions  are  required  to  establish  the  stalling  point 
of  the  transients  and  are  input  for  each  east.  The  following  engine 
initial  conditions  for  20,  50  and  100  percent  are  contained  in  table  l.XX . 


li . 

Or  v 

MixtutVHat  io 

Into  the 

i  ow-  s  pc ed 

inducers 

12. 

PBS 

Pressure 

Preburner 

i  n  Jpc  tot' 

face  (static) 

n. 

PB 

Pressure 

Preburner 

total 

i 

ir  less 

lbf/in2 
Ibf /in2 


confInml 


■  -in'  ■'  1  'I'  Il.v  II  w  ■  (I .,!•  *!•  IV  »* i  >  tl  I  ,1- »**v  •■■■  M  Ii  •*-• 5  ,w «■«"'  I  W" 


14. 

PC 

Pressure 

Ha tn  chamber  thrust,  total 

Ibf /in2 

13. 

PC? 

Pf  e»  4ui'  v 

'J*;  4  •*  fc*  ^<ntv  ft  v*  f  is  «•/>  r.  t'  I1  <3  t*  J  1  {  tZ  f  t .2  *2  W 

H«HJ  vn\u»/v  *  VM*  W».  X  — 7 

ibf /it*2 

16. 

PCS 

Pressur  j 

state) 

‘  >  »  i  -  \ _ i  „  s  «...  -«  2.««  *  „  «  .  O.  -  i 

Haut  i  in  .  mv  i  trUwlc; 

l  b » / 1**2 

1  1  . 

PHoC 

Pressure 

Dump  tool  ant  heat  exchanger 

H  c.  in" 

18. 

1*11X2 

Pressure 

discharge 

Downstream  of  t he  m.-iln  no?. ale  -e)*en- 

lbf/ in2 

1 9  - 

mu 

Pressure 

er.Jt-ve  iv'at  exchange r 

Upstream  of  main  chassis*??  injector 

ll-.j/i  n" 
llu/in2 

20. 

PTCV 

Pressure  . 

Turb  i  nr*  cooling  i  1  ov  vo  1  unw 

21  . 

PTRA 

Pressure  .  * 

Trauspt  ration  section  supply 

ll>r/in2 

22. 

HHX1 

Density 

Small  nozzle  heat  ettchSng^r 

ll>rt/Ct3 

23. 

RHX.i- 

Density 

discharge 

Me*  in  nozzle  h**-*t  esc  hanger 

1  bfi)/  ft  ^ 

24, 

HOI' 11  * 

''  Dens  i  tv 

di  sc.Vu  ge 

Ft**!  low-speed  induce*:  «li  scli.irge 

7 ‘4.,/ft  J 

25 . 

HO  FI 

Dens 1 1  y 

Fuel  Pump  Iuterst.igu 

n*.n/ft3 

26 . 

RP1D 

l)L*\Mii  Ly 

Mail*  1  i*e  1  pump  d i s-eh.U'gi *  (2nd  stage) 

IhmttZ* 

'  Ibfa/ft} 

1  b,n/  f  t } 

27. 

HOC 

De  nKi  t  y  >.  ; 

Main  oxxdi  ot  pump  discharge 

28.. 

UOLP. 

Dens the-  3* 

0:tiil*^vr- -Jnw-specd  indue  u*  discharge 

?<*.- 

NFP 

Speed 

Main  fuel  lurbopuni). 

rpm 

JO 

-NFIO 

Speed  ’ 

Fuel  lov-cptnd  inducer  2 ’ 

rpm 

3t . 

CLP 

Speed  -  -  — 

Main  oxidizer  turbo  pit  Jtji 

rpm 

32. 

Nl.B 

Speed  ’ 

Oxidizer  low**  speed  inducer 

rpm 

33. 

time 

Temperature 

Dump  c”)  O  iu-g;  n.i*/,?ie  exit 

34. 

TFIVl'U 

Temper-*  tu  re 

Fuel  low-speed  inducer  turbine 

-CH- 

37. 

iHX  1 

73  mpe  rn  lure 

_d-Ls.cV*-v»MJc.  _  „ 

Sm’-Mt  nozzU  lief,  t  exchange*  dice  ha'!  fto 

‘  K~ 

36. 

331X2 

Temp.»*i  jiture 

Mai o, nozzle  heat  exchanger  discharge 

‘  R 

*7 

•f  /  * 

TMJ 

T*'mpe  r  .i  l  u  re 

UpstV-.air.  of  •.  •>  chamber  m  jet- tor 

..“i;  • 

JB.l 

wJv 

inov . 

(dome)  -  - 

Out  el  vlu  transpiration  section 

1!>  t? sec 

3«. 

nKf 

clow. 

--  VO u"ui-  ..  ^ 

?n .1 '"t'nw-Xpeed  fmhfter  ~c  ^ ~~- 

>  %,  ~ 

^  i  0,7  ?‘-tr 

in*  V; 

40, 

WL  ’ 

Flow  - 

Oxidtzer  1  ow* speed  ‘inducer  . 

4l". 

FFI— 

Prcr.su  re 

Fuel — speed  -  .TdtTT-e i  toTet^'-'f 

42. 

WHDC 

Flow 

Into  the  dump  cooling  hull  exchanger 

7V>  > 

4^, 

KF-I  - 

\  l  r-y 

Fuel  Inlet 

Btn/  To... 

44 . 

OFC 

Mistu'o  Ratio 

Ha  i  n  c h.nnher  .  i  nc  1  ml  i  ng  a '  i  r.ips- 

D 1  less 

45. 

PLIM 

Pressure 

pirat ion  ; low 

Main  oxidizer  pump  inlvl 

Ibf/ i n2 

46. 

TI.3 

Temper  •tut'.’ 

0xid(,.c*r  inlet  - 

t*R 

47. 

PU 

rvessure 

Oxidizer  low«-sr><  ed  inducer  tnlo* 

J  bf /in2 

48. 

WMIJ 

F 1  ow 

F.x  i  t  1  rom  the  dome  ec*J.  urn. 

1  hn,/  SCc 

49. 

TAUC 

Time  Constant 

Main  i  number  — 

SCI 
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(C)  Table  LXX.  Engine  Initial  Conation#  at  Engine 
'Mixture  Ratio  «i*  6  and  Thrust  Levels 
-of  20,  50,  ?nd  1G0  xereent 


20% 


OFV 


Ft 


(St) '  6-°00 

721.8 


THRUSV  LEVEL 
50% 

*  6.000 


\  '<o.92> 


l  976.8 


1007. 

'  (^7^6*3)  *  6,00u 

-4,516.5 

h?.&A„\  ,  4479.* 


538.1 

1,355-3 

2/26.4 

538.1 

1,355.3 

2,725.4  ~ 

5.58 . 8 

1,407.5 

‘  2,830.9 

10,9 

25,5 

48.6 

924.8 

2,385.6 

i/1t74.3 

f*77.2 

'  1,467.0 

-3,003.6 

700. 

1,700. 

3,580. 

767. 

1,737.3 

3,350.5 

0,47  . 

t/te 

1.42 

1.17 

2.41 

3.33 

4.20 

4.21 

<..23 

3.95 

i  l~ 

'  4.24 

3.80 

4.04 

4.28 

68,38 

==  UJ7 

_  -  64.29 

69,00 

69.05 

69.20 

.984. 

32,125, 

46,471. 

,099/- 

11.002, 

17,861 . 

1>31  ,r 

15,817. 

23,509. 

,697. 

3,004. 

5,087. 

,901. 

1-,  799. 3 

1,726. 

368.3 

416.5 

458.5 

375.2 

426.0 

474.9 

142.6 

5  58.8 

187. 

,279,2 

r-  '  '  1 ,454 .5 

1.847,6 

1.33 

2,68 

4 . 76 

15.64 

38.95' 

77. b3 

93.64 

233  -2 

465.77 

V0f 

mrnnk 

*.--*•*  -  -  _ 

(C)  fable  LJSC.  Engine  Initial  Conditions  at  engine 
Mixture  Ratio  ©f  6  and  Thrust  lave i a 
of  20,  SO,  and  100  Percent  (Continued) 


20% 

THRUST  LEVEL 

30% 

100% 

PFI 

31.8 

31.8 

31.8 

WHDC 

0.34 

0.81 

1.59 

HP! 

-97.08 

*97.08 

-97.08 

OFC 

6.133 

.6.  IE® 

6.125 

PLXM 

76.3 

118.0 

185.7 

Tut 

175.6 

175.6 

173.6 

PLI 

37.6 

37.6 

37.6 

MMIJ 

23.29 

64.56 

147-95 

TG 

0.01 

0.01 

0.01 

2,  Program  Output  Parameters 

(U)  The  output  parecwter  list  is  arranged  according  to  the  output  format 
shown  below.  The  biook  of  output  data  la  printed  at  ties  intervals 
opccifled  by  FTIM  and  is  labeled  with  the  actual  time  in  the  engine 
simulation. 


PROGRAM  OUTPUT  FORMAT 


1. 

m 

PURI 

m 

PLX 

vn 

WL 

R0FB 

TFBD 

TQFT 

QXF 

HFP 

2. 

mn 

mw 

P8 

F*.» 

WHDC 

MLLEX 

RPPD 

T?PD 

TOuT 

Q3L  - 

HLP 

3. 

PFIM 

rm 

pftsn 

HIM 

MFD 

WLC 

RHX2 

THX2 

TQFBT 

CpCPB 

HPB 

4, 

KFM  PSP 

PTC  V 

mo 

XLNP3F 

MF 

MLB 

RHX1 

ThXl 

TQLBT 

QXLB 

NLB 

S, 

PPFB 

B.TXK 

PLPD 

WHX2 

MPT 

fcoia 

TFBTD 

DPFP 

DPPPV 

ALOV 

6. 

mh 

QFL 

K.T0 

PLSP 

HFB 

WLT 

R0L 

TLHO 

DPLP 

DPLCV 

ALC 

7. 

mt 

mu 

PLBTU 

WTC3 

MPTD 

VHJ1 

TLO 

DPFB 

DPLBT 

ALBT 

8. 

mb 

m 

FLBTD 

WTC 

WLTD 

$KJ 

TB 

DFL5 

DPFV 

AFPD 

9. 

ms 

OF V 

PC 

PLCV 

HFBT 

MFJI 

MFXJ 

mi 

HPFP 

DPFBX 

AFB 

10. 

psew 

m 

PCP 

mj 

wcc 

MCCX 

MLCH 

THDC 

HPLP 

DPDCV 

APCV 

PROGRAM  OUTPUT  P ARAMS TERS 


m 

Pressure 

Fuel  low-speed  inducer  inlet 

mm 

Pressure 

Fuel  low-epeed  inducer  discharge 

PPXM 

Pressure 

Main  fuel  pump  inlet  (1st  Stage) 

mm? 

Pressure 

Excess  NP3F  at  main  fuel  pump  Inlet 

mm 

Pressure 

Hein  fuel  pump  discharge  (2nd  stage) 

mi 

Pressure 

5 

Spilt  point  of  the  oooU^g  flows  and 
P/E  fuel  flow 

m? 

Pressure 

downstream  of  the  fuel  control  valve 

wm 

Pressure 

Downstream  of  the  sain  nossle  regen¬ 
erative  heat  exchanger 

lb. /in* 
lbf/inf 
lbt/ln, 
lb‘/inj 
lbt/liT 

lbg/in2 

lb./in2 

ib*/lnZ 
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ftsmm  OUTPUT  FARAMgfS&S  (Continued) 


PFSX 

Pressure 

Inlet  to  the  praburner  fuel  injector 

ibJin? 

PBSVU 

Pressure 

io.lst  to  tho  dump  coolant  control 

lbj/ln: 

PHX1 

Pressure 

Fuel  iow-epeed  inducer  turhinu  inlet 

lbt/in; 

pfbtb 

Pressure 

Fuel  iowapead  inducer  turbine  dis¬ 
charge 

lbg/in 

pm 

Pressure 

Transpiration  section  supply 

lba/ln 

PTCV 

Pressure 

Turbine  cooling  Clow  volume 

ib|/in2 

on 

Mixture  Ratio 

Main  chamber  Injector 

D'leee 

OPC 

Mixture  Ratio 

Maim  chamber,  including  aii  trans- 
piration  flow 

oiees 

0P8 

Mixture  Ratio 

Preburner 

fc'less 

OFV 

Mixture  Ratio 

Into  the  low  speed  Inducers 

D'lsss 

PFC 

Ratio 

Chamber  pressure /design  chamber 
pressure 

D’leee 

PBS 

Pressure 

Preburner  injector  face  (static ) 

lb#/in: 

PB 

Prossure 

Preburner  total 

lhl/lnt 

PHIM 

Pressure 

Main  fuel  turbtn*>  inlet 

lbi/in. 

PPTD 

Pressure 

Main  fuel  turbine  discharge 

lb;/in5 

PLTtN 

Pressure 

Main  oxtdlaer  turbine  inlet 

ibt/in, 

ibl/tn; 

PIjTD 

Pressure 

Main  oxtdlaer  turbine  dlechargo 

FM1J 

Precoure 

Upstream  of  main  chamber  Injector 

PCS 

Pressure 

Main  chamber  injjctcr  face  (static) 

lb  win* 

PC 

Pressure 

Main  chamber  throat  total 

lb!/ln„ 

lbj/in‘ 

2 

PCP 

Pressure 

Mein  chamber  throat  total  (steady 
state) 

PL1 

Pressure 

Oxidlser  lov-spaed  inducer  inlet; 

ih/i?.; 

PLBD 

Pressure 

Oxtdlaer  iow-ppsed  Inducer  discharge 

FLIH 

Pressure 

Hein  oxtdlaer  pump  inlet 

IbJ/lnJ 

XLNPSP 

Pressure 

Excess  HP8P  at  main  oxidlser  pump 
inlet 

Ibj/ift 

2 

PJ.PD 

Pressure 

Main  oxidlser  pump  discharge 

ib^/in. 

PL8P 

Prossuro 

Split  point  of  the  oxidise*  F/B  and 
sain  chamber  flows 

ibj/inz 

2 

PLSTU 

Pressure 

Oxidlser  low-speed  inducer  turbine 
inlet 

lbg/in 

2 

PLBTO 

Pressure 

Oxtdlaur  low-speed  inducer  turbine 
discharge 

lbf/in 

Vtnj 

lbf/in2 

PLCV 

Pressure 

downstream  of  the  main  oxidise?  control 

PUJ 

Pressure  . 

Znlet  io  the  main  oxldiscr  injector 

Ml 

Plow 

Fuel  low-speed  inducer 

lb*/aec 

KHDC 

Plow 

Into  the  dump  cooling  heat  exchanger 

Itosee 

WPO 

Plow 

Discharge  of?  the  dump  cooling  nossle 

lb“/sac 

W 

Plow 

Main  fuel  pump 

Ib^Vaec 

WHX2 

Plow 

Fuel  pump  valve 

XbfVsec 

WPS 

Plow 

Praburnsr  fuel  flow 

lb®/gae 

V5TC8 

Flow 

Into  the  turbine  cooling  volume 

ibr?sec 

HTG 

Plow 

Out  of  the  turbine  cooling  voluss® 

IfP/eee 

MM 

Plow 

Into  the  transpiration  section  veluae 

Xbf/eec 

WCC 

Plow 

Out  of  the  transpiration  eeet&en 
volume 

ib"7sae 

m 

noe&l.  ovzm  FAMHnKM  (Continued) 


wL 

HLLSK 

WLC 

WLB 

WFT 

HLT 

WFTr* 

WLTD 

W?JI 

WCGX 

ROFB" 

RFPD 

RHX2 

RHX1 

ROLB 

ROt 

WXJI 

WMIJ 

WF1J 

WLCH 

TFBD 

TFPD 

THX2 

THXl 

TFBTD 

TLB3 

TLB 

TB 


THDC 

TQFT 

TQLT 

TQFBT 

TQLBT 

DPFP 

DPLP 

DPFB 

DPLB 

HPFP 

HPLP 

CXP 


4 


m  ... 

ff  iUW 

yjUaii*!*?  to’  isa  ;  i~U3er 

lb  /sac 

Flow 

Oxidise*  v.<  which  dumps  overboard 

ib°/stee 

Flow 

Oxidizer  main  chamber  Injector 

ib^/aeo 

Flow 

Oxidise?  into  the  preburner 

In*/ sec 

Flow 

Freburae*  products  through  the  main 
fuel  turbine 

ilT/aee 

m 

Flow 

Proburner  products  through  the  main 
oxidizer  turbine 

lb  /zee 

ta 

Flow 

Kain  fuel  turbine  discharge  including 

a* «« \  4  mm 
*•'*•*•■  •**© 

lb  /see 
fa 

Flow 

Main  oxidizer  turbine  discharge 
including  cooling 

lb  /nec 
m 

Flow 

Fuel  flew  in  the  transition  case 

lb  rise 

Flow 

Excess  transpiration  cowling  flow 

lbm/aec 

Density 

Fuel  low-speed  inducer  discharge 

lb*/ ft  ■{ 

Density 

Main  fuel  pump  discharge  (2nd  stage) 

lb*/ft3 

Penalty 

Main  nozzle  heat  exchanger  discharge 

ifcy 

Small  nozzle  heat  exchanger  discharge 

ibm/ft; 

Density 

Oxidizer  low-speed  inducer  discharge 

lb*/£t? 

Density 

Main  oxidizer  pump  discharge 

lbra/ft3 

Flow 

Total  turbine  discharge  into  the  dome 
volume 

Ib'Vsec 

ffl 

Flow 

Exit  from  the  dome  volume 

lb  /sec 
lbm/sec 

Flow 

Fuel  flow  out  of  the  main  chamber 
injector 

Flow 

Total  oxidizer  flow  in  the  main 
chamber 

lb  /aec 
fa 

Temperature 

Fuel  low-apoed  inducer  discharge 

°R 

Temperature 

Main  fuel  pump  discharge 

*R 

Temperature 

Main  nozzle  heat  exchanger  discharge 

PR 

.Temperature 

Small  nozzle  heat  oxchangor  discharge 

“R 

Tempera ture 

Fuel  low-spood  Inducer  turbine 
discharge 

ftR 

Tempo raturi 

C?idiser  low-speed  inducer  turbine 
discharge 

•P. 

Temperature 

Main  oxidiser  pu*n  discharge 

*R 

Temperature 

Sreburne? 

*R 

Temperature 

Upstream  of  main  chamber  injector 
(dona) 

•R 

Temperature 

Bump  cooling  nozzle  exit 

°R 

torque 

Mein  fuel  turbine 

to  -ft 

lb?-ft 

Torque 

Main  oxidizer  turbine 

Torque 

Fuel  low-epaed  indues  turbine 

Torque 

Oxidizer  low-speed  inducer  turbine 

ifejsft, 

lba/ln« 

Pressure  Rise 

Main  fuel  pump 

Pressure  Rise 

Main  oxidizer  pump 

Pressure  Rise 

Fuel  low-speed  inducer 

Pressure  Rise 

Oxidizer  low-epeed  inducer 

ibt/tn4 

Horsepower 

Main  fuel  pump 

hPf 

Horsepower 

Main  oxidiser  pump 

hp 

Excess  Torque 

Main  fuel  (turbine  torque  -  pump 
torque) 

muim 

lb -ft 

SB 

MQ QSfivf  rARftHHi-anS  (8@ntiuued) 


QXL 

§Keeifcfe  Torque 

Main  cxidiuar  (turbine  torque  -  pusp 
torque ) 

lb -ft 
a 

Q£FB 

Excess  Torque 

Fuel  boost  low-spoed  inducer  - 
(turbine  torque  «  pump  taraua) 

ib-St 

61 

QXLS 

Ssceaa  Torque 

Oxidiser  low-spead  inducer  -  (turbine 
torque  -  pump  torque) 

lb  -ft 

>n 

2 

Q?PDV 

Pressure  Prop 

Preburner  oxidise?  flow  divide*  valve 

lbP/in« 

DPLCV 

Pressure  Drop 

Main  oxidise*  ilna: control  valve 

lb-/i< 

DPLBT 

Pressure  Crop 

Oxidise?  low-apsed  inducer  turbine 

lbp/in« 

XbJt'Sii 

DWV 

Preseur*  Drop 

fuel  vaivo  ac  pump  discharge 

D?FBI 

wrrj.-  - 

c^J-wurZ..  " 7 — 

2F85V 

Pressure  Drop  * 

Irump  coolant  'control  — . 

‘isr/isr 

HFP 

Speed 

Hein  fuel  turbopump 

tpl 

HLP 

Speed 

Hein  oxtdlxer  turbopump 

rpa 

HFB 

Speed 

Fuel  low«-5peed  inducer'  • 

rps 

HLh 

Speed 

OHidtssT  tow-apeed  indtn-r 

rpm 

inf 

AU/V 

Control  Area  _ 

Preburner  ox lot  so r  flow  divider  valve 

ALC 

Control  Area 

Main  oxidlser  line  control  valve 

in; 

ALBT 

Control  Area 

Oxldlaer  ioy-apaed  inducer  turbine 

in. 

AFPD 

Control  Area 

Fuel  valve  at  pump  discharge 

in. 

AFS 

Control  Ar£a 

Freburnarr't^l  injector  _ 

in. 

ADCV 

Control  Aror 

Dump  cools,.,  control  valve 

in 

3.  FsMgrnm  Formulation 

CU)  The  following  engineering  formulation  includes  the  series  of  calcula¬ 
tion  ot  which  tht  program  execution  cycles  through  each  ties  inctsi&snt 
(BT) .  The  numerical  Integration  technique  bps  proven  quite  accurate,  with 
PT  «*  O.POi  second,  However,  some  calculations  h»‘?e  required  aathematleal 
iteration  loops  to  aseure  proper  balances  in  each  program  cycle  pass. 

This  la  particularly  true  in  the  liquid  flow  >  pressure  balances  where 
extremely  small  DT's  would  be  required  to  eliminate  mathematical  oscilla¬ 
tions.  These  iteration  loops  are  designated  In  the  formulation. 
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DPLBT 


„  2.258  /WLC  \ 

*  “  ROL  \ALBT i 


PLBTD  -  PL8TU  •  D?LBT 
TQLBT  •  7426.1  (DHLBT 
where :  DHLBT 

BTLBT 


ETLBT  *  WLC)/NL8 
0.18C  DPLBT /ROL 

f  is'-'™' ✓§§&?  •  "■“> 


QXLB 


TQLBT  -  TQLB 

where;  RDLB,  STLB  •  *l2(NLB,  WL) 


TQLB 


^.54661  ♦  WL  »  HDLB 
"  NLB  •  ETLB 


NLB  »  286.482  *  QXLB  *  DT  4-  NLB 

PL1.T  -  '’CS  +  0.31£.V4(WI,C)2/ROL 

PLCV  *>  PLIJ  +  0.0036245(WLC)2/80L 
DPLCV  «  PLBTD  -  PLCV 


0,Q2934S\ 

ALB1  / 


.  Preburner  and  Main  Turbines 


Preburner 

OFg  WLB/WF3 
TB  •  f<OFB,  THX2) 

Also:  CJMB,  CPB,  RB  -  £i6(OFB,  TNX2) 

twt  +  “•«  *  J fNt  •  £i;  {«r  ««} 

Pi:  -  0. 0007145  •  RB  •  TB  •  j»TB  +  WLB  »  (W1FT  +  %ILT)|  *  Bf  *  PB 

PBS  »  1.00836  •  PB 


.  Fuel  Tuibine 

WFT  •  0.67408  •  (WFT  +  WLT) 

WFTD  «  WFT  +  0.359  HTC 

?FTD  -  /fHIJ2  +  8. 0452^ x  10"6  •  (WFTD)2  T~RB  •  mi 


712 


*  «  «  nun«  Mtinw  tcftn  Kio *1 

rvri  *  /«♦*». it  1  unr*  •  at***  * 

where:  _ 


PFTS  -  0.5  ^PFTD2  -  3.6444  n  10“5  •  RB  *  130  •  (WFTO; 


DHFT  »  CPS  •  TS  1 .  - 


STSET  -  (18(«PP, 


CMB-l.T 

GHB 


QXF  ■*  TQPT  -  TQRF 


where:  DHFF,  BPP  *  S2'W,  HFP) 


9.54861  »  IIP  •  OiigP 
m'r  ■  BPP 


NFP  ■  123.22  •  QXF  *  DT  +  HP? 

HPF?  -  TQRF  •  NPP/5250 

c.  Oxidise r  Turbine 

WLT  •  (WFT  +  ULT)  -  H?T 
WLTD  -  WLT  +  0.359  WTC 

/  5  "  „t  "“  """A  . . 

PLTD  WFMIJ  ♦  4.0*672  x  10  •  (WLTD)  •  Ri  *  IHJ 

PmN  -  >/pB2  *  2.12476  x  10*5  •  (ULT)2  •  RB  •  TB 
TQLT  «  7426.il  •  OHLT  •  EXALT  •  WLT/HLP 

whe  rc :  _ _ 


PLTS  «  0,5  ( PLTD2  */pLTD2  «  1.29235  x  10“3  •  RB  *  THJ  •  (HLTD)2  ) 

'  <*  / 


DHLT  -  CPS  •  TB  [i .  .fggL) 
BTALT  •  *.9(BL P,  \/S) 


(548-1 

~GflB 


QXL  *  TQLT  -  ?(p. 


rfhore:  CHIP,  SL?  «  ^(WL,  NLP) 


9.54861  «  Ml  •  OHLP 
"iTTfCP 


HLP  »  97.4418  •  QU  •  DT  +  ML!? 
HPLP  -  TQRL  •  HLF/52SQ 


(U)  4.  Bala  Injector  Ghsehsr  Boss 
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where:  TFT 


TB 


DHFT  »  ETAFT 
CPB 


TLT 


_  BHLT  •  ETALT 

cm 


r**A83ums; 

miJ  «  miJP  +  0.0005(^411  «*  i&lJ)  •  RHI'i  *  mi  •  CT 
vhere:  RMIX  » 

uux 


WHJOP 


fHUP  »  miJ  of  time  «*  T  -  DT 
C^Osu/fes,  CMC*} 

»Wro,  cmix  ■  ■ ♦ cw<wi  ♦  «■» 

iiwi 


GAMSX 


J*m I2LLi3&u 


^Iterate 

WFJI 

WFIJ 

WLCH 


CPHIX  *  9336.  »  EHIX 

on  1641 J  until  WrJJOP  »  V&fU  i  Tolerance 

WPT  ±  WLT  . 

“  (OFB  4  1)  +  WIC 

_ WHU 


(mu  ■  WFJIA 
\  HFJI  7 


+  l 


HFJI 

«  WIG  +  WMIJ  -  WFIJ 


0?I 

K» 

WICK /WFIJ 

0FC 

M 

i, 
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O 
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PC 

9 

JCP  -  (PCP  -  K)  esp  (-—} 

PS8 

tt 

PC  "  1.03833 

or; 

ifc 

m./mt 

v  wnggiM  nggamta  IHSTBiJGTIGHS 

(U)  The  25GU  digits!  transient  deck  consists  of  the  following  program 
blocks; 

1.  A  "START”  subroutine  will  b«  provided  as  a  source  dock  end 
will  allow  the  ».s tiers  pries  authority  ^sf  tl  a  selection 

of  avei labia  control  areas  and  sense  par«»'ters.  For 
example,  the  dump  coolant  control  ares  (AOCV)  can  es  pro* 
graraed  as  a  function  of  chamber  pressure,  and  preburncr 
fuel  injector  area  (AFB)  can  be  set  to  a  constant.  Tbs 
named  common  block  "CXNPUT"  Is  contained  in  the  subroutine 
"START"  and  must  be  retained  in  its  present  fora. 

2.  T5?e  engine  mathematical  simulation  "ENGIKS"  will  be  pro* 
vided  as  an  object  deck  end  will  not  require  program 
changes  unless  cycle  mod l Elections  are  eneountsrftd. 

(U)  The  input  items  In  "CIHPdt"  are  initialised  by  the  first  40  cards  of 
input.  These  cards  are  followed  by  a  blank  eard  to  indicate  the  end  ©f 
the  data  for  the  first  esse.  The  number  in  column  1*2  determines  tht 
location  in  the  “CINPUT"  common  block  where  ths  value  is  to  bs  stored. 
The  number  should  be  right  adjusted  in  the  field.  The  nag*  in  eolussh* 
25*30  le  for  references  only.  Ths  value  for  each  input  can  be  in  either 
a  decimal  form  or  decimal  exponent  fora.  This  valua  must  fe©  punched 
between  columns  5  and  20  and  must  contain  a  deeitaal  point.  The  input 
listing  always  prints  thu  Input  values  in  the  decimal  exponent  for®. 

(U)  The  data  are  read  in  until  the  blank  card  Is  processed.  Ths  program 
then  enters  subroutine  "START"  to  obtain  the  engine  control  areas.  Sub* 
routine  "SKGIJIE"  Is  called  to  perform  tho  engine  simulation  calculations 
for  the  Input  start  time.  Upon  completion  of  those  calculations,  ths 
tie*  increment  <DT)  ia  added  to  the  start  time  and  subroutine  "START" 
la  recalled  to  change  the  control  areas,  if  necessary.  Subroutine 
"EN6IKS"  is  egaln  entered  and  the  computation  for  the  new  ti«a  la  cos* 
pleted.  At  this  point  the  sum  of  the  bias  increments  ia  cheeked  agaiisst 
the  print  time  (PTTK).  If  they  ere  equal,  ths  results  of  ths  aiaulstion 
at  that  time  are  printed.  Ths?  process  of  adding  the  time  ineres^ht  and 
completing  the  simulation  ia  repeated  until  the  stop  time  (&TXH)  is 
reached,  At  any  time  during  any  of  ths  steps,  if  a  situation  occurs 
that  would  tsrainsto  th§  run,  "SPRSKT"  1b  sb11s4  to  gsiat  She  results 
at  that  point  and  a  statement  is  printed  indisasing  shat  Fristt 

was  called, 

(i*)  The  next  card  is  read  lor  a  second  cess.  Xf  multiple  coses  are 
desired  they  gust  hs  separated  by  a  blank  curd  end  only  tho  input  i  tarns 
that  are  to  fea  changed  fsota  ths  previous  caae  Rssd  be  included  for  the 
naxt  case.  If  there  is  no  additional  case  to  be  run,  a  eard  with 
punched  in  coiuvste  1*2  is  placed  following  the  blank  card  of  the  first 
case.  The  data  package  must  have  s  blank  card  and  a  *1  card  at  the  end. 


eefta»a 

EC*XS» 

wueii 

PI—' 

SI’BS’STa 

wsewe 

in 

!9  la 3? 

(U)  The  time  increment,  DT,  (input  card  No.  2  of  the  date  package)  should 
remain  0.001  because  the  calculations  and  conversance  loops  in  the  pro¬ 
gram  are  baaed  on  this  increment,  the  start  time,  t,  (card  No.  1)  can 
be  changed  providing  the  initial  conditione  established  by  the  other 
input  carda  are  adjusted  to  give  reasonable  engine  conditions  at  the 
start  time  input.  The  print  time,  PTIH,  (card  No.  3)  may  be  changed  to 
reduce  the  printed  output,  if  desired.  The  print  time  must  be  come 
multiple  of  the  time  increment  (DT). 
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MBAXXTUC  DATA 

?*rfom*nc«  Date 

715 

l , 

Gene  ire  1 

715 

2, 

Nrfortnencc 

7U 

B.  Weight  end  Lnvelop* 


717 


nx 

Pf&AMSTRIC  DATA 


A,  PBRF0RMAMC8  DATA 
1,  Control 

(C)  These  data  are  lor  high-pressure ,  two-position  bell-noasie  engines, 
using  the  ataged-ccabustion  (preburner)  cycle  and  are  baaed  on  tech¬ 
nology  that  could  be  realised  during  a  full  engine  development  program. 

The  use  of  dump  cooling  downstream  of  an  expansion  ratio  of  35  waa  aasusad 
In  computing  these  parametric  engine  data.  For  high  expansion  ratio  nessslea, 
radiation  cooling  Is  used  uft  of  the  lowest  expansion  ratio  allowed  by 
heat  flux  consideration.  (This  expansion  ratio  varies  over  the  range, 
but  Is  approximately  300,)  Performance,  weight,  and  dimensional  data 
are  baaed  on  the  following: 

1.  High  pressure,  staged-combustion,  two-position  bell-nossle 
engines 

2.  Main  turbopumps  and  preburner,  mounted  In  a  transition  case 

3.  Lr  npced  inducers  with: 

a-  minimum  hydrogen  net  positive  suction  head 
(NPSH)  -  60  ft 

b.  Minimum  oxviien  net  positive  suction  head 
(NPSH)  -  60  ft 

A,  Throttling  capability  •  continuous  between  100  and  20£  of 
rated  thruat 

5.  Mixture  ratio  range  of  5  to  7  at  all  thrust  levels 

6.  Thrust  vector  control  provided  by  glmballng 

7.  Durability  of  10  hours  time  between  overhaul  (TEG),  100 
reuses,  300  starts,  300  thermal  cycles,  10,000  valve  cycles 

8.  The  lightweight  extendable  secondary  nossla  translates  to 
provide  high  sea  level  performance  and  altitude  compensa¬ 
tion  capability.  •. 

(C)  The  renges  of  engine  parameters  Included  In  tfcu  parametric  data  ara: 

1.  Vacuum  thruat  -  100,000  to  350,000  lb 

2.  Chamber  pressure  -  2000  to  3500  psia 

3.  Overall  engine  mixture  ratio  -  3  to  7 

4.  Overall  expansion  ratio  -  50  to  400 


I 

I 


SSQtQUt  *  ffiStsSiSHUH  pvrfiVtRtGltVV  \yw  )  ,  bw*«  |  C*td 

minimum  surface  ares  (V5SA) 

6*  Primary  expansion  ratio  -  35. 

<U)  Values  of  specific  impulse  are  given  for  an  altitude  range  from  sea 
level  to  vacuum  conditions. 

(C)  Date  arc  presented  for  engines  where  the  secondary  nossle  skirt  is 
translated  from  primary  expansion  rstios  of  35  for  a  rrnge  of  overall 
nossle  area  ratios  of  50  to  150.  In  addition,  data  are  presented  for 
primary  area  ratios  that  result  in  the  minimum  stowed  engine  length 
(l.s.,  the  secondary  nossle  skirt  fully  retracted).  The  primary  expan¬ 
sion  ratio  t’or  minimum  stowed  length  varies  with  thrust  level,  chamber 
pressure,  overall  expansion  ratio,  and  nossle  contour.  For  these  data, 

Che  overall  nossle  area  ratio  range  is  @0  to  600.  The  secondary  nossle  ; 

can  be  translated  over  the  turbopump  for  those  engines  where  the  primary 
area  ratio  is  greater  than  80.  For  the  nossles  translating  at  primary 
area  ratios  between  35  and  80,  the  secondary  nossle  is  retracted  to  the 
point  where  it  is  limited  by  the  turbomachinory. 

(U)  Parametric  data  over  the  complete  thrust  and  chamber  pressures  range 
and  for  minimum  surface  area,  base,  and  amxlmum  performance  noscls  contours 
are  presented  in  the  following  paragraphs. 

2,  Performance 

(U)  Delivered  vacuum  specific  impulse  as  a  ,  *  ntion  of  thrust,  mixture 
ratio,  chamber  pressure,  and  nossle  area  ratio  is  shown  in  figure  638 
through  658  for  minimum  surface  area,  base,  and  maximum  performance  nossle 
contours. 

'C)  Performance  from  sea  level  to  200,000  ft  Is  shown  as  a  ratio  of 
delivered  specific  impulse  to  vacuum  specific  Impulse  plotted  as  a  func¬ 
tion  of  the  ratio  of  chamber  pressure  to  ambient  pressure  for  primary  ' 

area  ratios  of  35  (the  date  are  independent  of  chamber  pressure  when  f 

primary  area  ratio  is  constant).  The a?  data  arc  presented  in  figures  659 
through  667;  Altitude  to  vacuum  performance  for  minimum  stowed  length  | 

engines  (i.e.,  primary  area  ratio  Is  a  varible)  la  shown  in  figures  668  j 

through  703  as  a  function  of  altitude.  | 

r 

(C)  The  delivered  specific  impulse  4il  Crthw  r  than  vacuum  conditions  can 
be  calculated  using  figures  659  through  703,  which  shew  the  ratio  of  ; 

altitude  to  vacuum  performance  as  £  function  of  altitude  or  pressure  j 

ratio  and  nossle- expansion  ratio  for  mixture  ratios  of  5,  6,  and  7.  The  j 

delivered  specific  impulse  at  sny  altitude  up  to  200,000  ft  (200,000  ft  t 

1$  the  reference  altitude  for  vacuum  conditions)  is  calculated  by:  r 


where ; 


X  *>  delivered  specific  impulse  a 6  Sn8  altitude  of 
®elt  interest 

I  fl  »  ratio  of  altitude  to  vacuum  performance  for  the 
*alt  vac  altitude  and  mixture  ratio  of  interest 
(figures  659  through  703) 


also 


t  .hsik  f 

*alt  l  vac 

vac 


(U)  Xn  cases  where  altitude  performance  is  plotted  versus  pressure  ratio, 
the  pressure  ratio  can  be  calculated  by: 


where: 

P  •  chamber  pressure,  psla 
c 

a  ambient  pressure  at  the  altitude  of  interest,  psla 

(U)  the.  curvea  present  altitude  performance  for  the  engines  with  the 
secondary  norele  expended  at  high  altitude*  and  with  tha  secondary  nossle 
retracted  at  iow  altitudee.  Low  altitude  primary  Resale  date  have  not 
bean  included  for  cases  where  the  primary  nossle  exhaust  would  be  expected 
to  reattach  to  the  secondary  nossle  (acting  as  '  ahroud). 

B«  USXGRT  ARD  EHVEL9PS 

(C)  This  paragraph  contain*  parametric  data  showlag  the  affect  of  nossle 
contour,  area  ratio*  and  fixture  ratio  ehsnges  on  the  weight  and  envelop® 
of  oxygen-hydrogen ,  high-preseare  (3000«psta  chamber  pressure),  pump-fed, 
staged  combustion  cycle  rocket  engines  with  transpiration  cooled  main 
combustion  chambers  sad  dusp^cooied  twa-poaiSicn  no sales*  Data  are  pre® 
s@nte4-4te?  vceuum  thrust  levels  of  109,500  lb  to  350,000  lb,  with  nossle 
contour,  ehsebar  pressure,  and  area  rati©  as  independent  variables*  The 
nossle  contours  covered  are  the  following  truncations  of  _ perfect  b@U 
nosalstt:  (1)  minimum  surface  area  (I)  baes  nossle end  (3)  maximum 

performance  <KSg  ) . 

(U)  Engine  weight*  are  presented  in  figures  Steoysh  721, 

<U)  figure  .722  illuitrafie®  c&gias  scatfiiatstlos  With  «  two®pc*9ifelori, 
nossle.,  Engine  ishgth  with  e  nossle 

length*  minimum  gfcsw&d  Uagth  (uppfsf  assge-) ,  am  £st£gst$- 

fully  extended),  These-  Sets  *?e. 


(0*9  «  a) 


Vacuum  Specific  Impulse  va  DF  56295  Figure  645.  Vacuum  Specific  Impulse  vs  E€  562% 

'Qiruit  With  Maxisutt  Per-  Thrust  With  Maxlaioo  Per¬ 
formance  Con tout  Txo-  forma  nee  Contour  Two- 

Fob  it  ion  Nozzle  (r  *  3.5)  Position  Nozrie  (r  ®  6.0) 


Vacuus  Spec ific  Impulse  vs  DF  56297  Figure  647.  Vacuum  Specific  Impulse  ve  HP  56298 

Thrust  With  Maximum  Per-  Thrust  With  Maximum  Per¬ 
formance  Contour  l\fo-  foraance  Contour  Iwo- 

Pocitlon  Morale  (r  *  6.5)  Position  Nozzle  (r  -  7.0) 
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figure  658.  Vecuus  Specific  v* 

Chamber  Pressure  (350,000-lb 


DP  56279 


Ro*sle  Expansion* 


Altitude  Performance  With  Base  Contour  Two-Position  Kozrie 
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Figure  665.  Altitude  Performance  With  Minimum  Surface  Area  Contour  Two-*  Position  Koz.sJ.e  lr  *  5,0)  DF  5*fr034 
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Altitude  Performance  With  Mlniiaun; 


Figure  670,  Altitude  Performance  With  DF  56170  Figure  671.  Altitude  Performance  With  OF  56169 

Base  Contour  Nozzle,  Base  Contour  JSoczle, 

350,000-lb  Thrust,  r  -  5.0  100,000-lb  Thrust,  r  ■»  6.0 


FtR.rre  £  .  Altitude  Performance  With  OF  !*fcl?6  figu”'*  683.  Altitude  P*~  r  foriutKe  With  DP  5ti/6 

M;:, i-num  Performance  Contour  Maximum  Performance  Contour 

N.vrle,  3M.\U'0-lb  Thrust,  Nozzle,  *00,000-1  b  Thrust  , 


Figure  *>84.  Aititari*  Pet forraanco  With  »F  ^bU*  Figure  6&V  Ait :itu<S*  Pe-r  foraance  With 

Haairaus  P»-r f.yrraarw:*>  Contour  Maxt-muts  Per  tova.imee  Content 

Kcjxle,  PSO.COO-Ib  Thrust,  NozxVe ,  3>0,000~3h  Thiu*t, 
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F\gur«-  686,  AUitude  Per for-nance  With  OF  565S9  Figure  687.  Altitude  Perforoance  With  DF  561  f*0 

Kixilraum  Surface  Area  Contour  Minitauw  Surface  Area  Contour 

Nosaia ,  IGO.OOQ-lb  Thrust,  Wotzle .  250, OOC-lb  Thrust , 

r  *  6.P,  ?_  •*  2000  psia  t  “  6.0,  Pc  *  2000  psia 
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Performance  With  DF  56193  Figure  691.  Altitude  Performance  With  DF  56194 

Surface  Area  Contour  Minimum  Surface  Area  Contour 

250,000-lb  Thrust,  Nozrle ,  350,000-lb  Thrust, 

P  -  2500  psia  r  “  6-°>  pc  “  2500  Psia 
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igure  694.  Altitude  Performance  With  DF  56403  Figure  695.  Altitude  Performance  With  DF  5»6i95 

Minimum  Surface  Area  Contour  Minimum  Surface  Area  Contour 

Nozzle,  350,000-lb  Thrust,  Nozzle,  10' ,000-lb  Thrust, 

r  *  6.0,  P  »  3000  psia  r  ■  6.0,  P  *  3000  psia 
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Figure  698.  Allude  Performance  With  DP  56404  Figure  699.  Altitude  Performance  With  DF  5€40: 

Minimum  Surface  Area  Contour  Minimur  Surface  Area  Contour 

nozzle,  100,000-lb  Thrust.  Nozzle,  250,000-lb  Thrust, 

r  *  7.0,  F  =  3C00  psia  r  =  7.0,  P  =  3000  psia 


Figure  700.  Altitude  Performance  With  OF  56AQ6  Figure  701.  Altitude  Performance  With  DF  56187 

Mininum  Surface  Area  Contour  Mininura  Surface  Area  Contour 

Nozzle,  350,000-1  b  Thrust,  Nozzle,  10P,000~lb  Thrust, 

r  =  7-0,  P  =  3000  psia  r  **  6.0,  ?  =  3500  psia 


,Rure  702  Altitude  Performance  With  F  F  56186  Figure  703.  Altitude  Performance  With  !3F  561«5 

Minimum  Surface  Area  Contour  Minimum  Surface  Area  Contour 

Nozzle,  2 50, 000- lb  Thrust ,  Nozzle,  35C, 000-lb  Thrust, 

r  -  fc.O,  p  =  3500  psia  r  »  6.0,  P,  «  3500  psia 


Figure  7(y*.  Total  Engine  Weight  vs  DF  56357  Figure  705.  Total  Lngine  Weight  vs  W F  56356 

"-.luuit.  Thrust  for  Engine  Vacuum  Thrust  for  Engine 

Wi rh  Base  Contour  Two-  With  Maximum  Performance 

Position  Nozzle  fc  =  35)  Contour  Tvo-Position  Nozzle 
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Ws  cl*  Mimaur.  Surface  Area  With  Base  Contour  Two- 

Contour  Two- Position  Nozzle  Posicion  Nozzle 
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APPENDIX  IV 

PERFORMANCE  DATA  REDUCTION 

(U)  A  tteatmsnt  of  the  data,  which  are  used  to  obtain  the  experimental 
performance  parameters,  is  summarised  In  the  following  paragraphs. 

A.  N02SIE  THROAT  AREA 

i.  Uncootod  Chamber  Tost* 

(U)  Nogale  threat  erosion  during  the  uncooled  tests  requires  a  method 
for  prorating  the  total  erosion  that  occurs  during  a  test  to  that  which 
has  occurred  up  to  and  during  thu  data  point  time.  Nosslo  throat  erosion 
is  essentially  eliminated  except  during  the  data  period  by  using  gaseous 
hydrogen  film  cooling  during  the  transient  conditions.  The  throat  area 
at  the  data  point  was  calculated  from  pro*  and  post-test  throat  diameters 
by  assuming  a  constant  diametric  erosion  rate  during  the  data  period 
when  the  coolant  ie  turned  off, 

(U)  To  check  the  validity  of  the  constant  erosion  rate  assumption,  a 
second  method  was  used  for  comparison. 

(U)  The  second  method  calculates  the  throat  area  from  tho  equations 

A* /'A*  **  k.w  /P  t 
x  o  1  p  c 

where:  k.  is  chosen  to  make  A*/A*  equal  to  unity  immediately  after 
the  coolant  Is  turned  off,  x 

(U)  because  only  minor  changes  in  mixture  •“~tio  and  chamber  preasure 
occur  during  the  period  that  the  nozzle  cc  *nt  la  turned  off,  c*  and 
Y|  *  are  considered  as  constant.  By  assuming  that  the  significant  noxsle 
throat  e  v-slon  occurs  while  the  coolant  la  off  and  dividing  A*  by  the 
original  throat  area  (/*§) ,  the  rate  of  change  Ir.  Ag  with  coolant  turned 
off  can  be  estimated  by  the  equation  above. 

(U)  A  comparison  of  the  two  methods  is  shown  in  figure  757. 

(U)  An  estimate  of  the  nozzle  discharge  coefficient,  Cj ,  and  resilient 
mechenicei  area  change, &A*,  because  of  pressure  and  thermal  gradients  of 
test  conditions  were  made  to  determine  the  aerodynamic  throat  area.  The 
aerodynamic  throat  area,  A*,  is  defined  by  the  following  equation. 

A*  «  CA*)(1  tAAW)(C.) 
x  o  d 

(U)  The  physical  throat  area  change  of  the  ATJ  graphite  nosslo  inner t 
used  for  the  uneooied  tests  was  estimated  by  computer  analysis  of  the 
pressure  end  thermal  gradients  in  the  graphite  nossle  throat  Insert. 

The  nozzle  insert  was  divided  into  a  series  of  cylinders  and  the 
deformations  caused  by  the  temperature  and  pressure  gradients  were  analysed 
separately,  and  then  superimposed.  The  analysis  Indicated  that  £A*/A* 
equals  -u.009,  a  0.9%  throat  area  decrease.  The  compressive  pressure 
loading  on  the  outside  diameter  of  the  noesle  throat  insert  .-ended  to 
decrease  the  throat  area  by  1.2%  while  thermal  expansion  tended  to  increases 
throat  area  by  0.3%. 
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(C)  An  estimate  of  nossls  throes  discharge  coefficient  (^)  for  the 
contraction  ratio  of  5  chamber  U  0,992, 


Safer  to  Rspeft  Ild2,  l  August  1951, 


(, 


2.  Ooelad  Shssfesr  Testa 


(C)  fits  eools^  chasssr  f  &A*M§,  «aa  assutssd  ts  b©  negligible  boeauee 
Ehs  cooled  sapper  safars  sre  subject  £©  Hess  ssy®te  thetas!  gradients 
than  the  uasosXee  graphite  nessie  insert, 

(§)  An  estimate  of  the  Hassle  threat  discharge  ceeffieieat  for  the 
sor^rsstion  ratio  of  3  chafer  is  G,$|i9. 

a,  mms  SXSt  AREA 

It  5®  sfodoi  Tests 

(U)  Tbs  aosfels  exit  srsa  was  dsisrsined  by  physical  e&aeureswmts  after 
©vary  tiae, 

2.  250?.  XsHta 

(0)  The  measured  nasals  ssit  are*  (A6)0  war  cerrsat&d  for  thasnsal  e»« 
pension  based  on  measured  metal  temperature. 

A ^  »  (Af)Q  (expansion  feeder) 

C.  H02XUS  ARga  RffiAO 

(y)  The  uoa^ie  area  ratio  «as  det«rmitted  from  the  calculated  aerodynamic 
ehrost  snd  cult  sraas, 

§  a  A. /A* 

e 

S.  STAGNATION  SHAMSK&  FRES8URE 

(l!>  Ha  in  ehsmbsr  pressure  ms  measured  aa  a  static  pressure  at  the 
injector  face  (Pei)  on  the  cooled  chafer  tests  apd  by  an  tddicienal 
static  presaura  tap  (Fe_)  the  entrance  to  th?  carxvcrgent  noasle 
section  fer  the  uneoeleo  chruss  chamber  tests. 

(U>  For  the  uneooled  chamber  %tstnf  *he  noastc  throas  stegfistica  chafer 
pressure  «oa  calculated  fros*  measurtiS  nessle  entrance  static  pressure 
and  the  relation: 

t-  »  P-_  a  function  <r,  A  /A#) 

”  y(s  C 

(?)  Fa?  the  escled  chsjsbfc?  teats*  a  ssomantua  balance  datersined  soaelc 
entries  static  grsaauir*  Stm  tft«?  injector  face  ridings*  The  tbrsafe 
gfcs&aafion  than  calculated  as  described  above. 

<4>  t%e  mossatuffl  feslaaso  analysis  assumed  th«fc  f&a  fl©«  ie  parallel  and 
hotsofena^us  at  the  sp^ale  entrance,  Haglaeting  mil  ft lotion*  the 

aquetien  Is: 

A  P  .  +  g  »  $  i+H 
c  cl  p  g  c  &n 


~f.-- 


^r. 

-  i-  «  _. 

-5JTS 

■^s  ~  .  ♦S^v" 


where: 


s  «  fegisl  ®o$snfcara  s£  the  ptopsliensa  ai  shi  fseo 


Ac  *  OeafeustiJja  chssbe?  sws 
Fci  *  3£«tle  prsasyts  a£  ths  injsete-  Uses 
v  «  Velocity  st  nossla  entrance*  £(t,  Ac /A*) 

?en  *'  Static  ptsaeuga  at  <she  noasls  eQt'rsfiea* 

(U)  Sf  asch  propellent  is  injected  ss  an  lajestsr  ptssauire  di  fftmneiai 
with  an  effective  erea  Ac<j,  and  incUo&d  to  ths  chamber  ikia  as  eft 
the  total  momentum  ies 


a  ■*  (^Acd  fi#ft  i?)f  +  <2/ted  &F  cca  *) 

<U)  the  imcooiad  runs,  the  nesalo  entrants  static  pssesuva  vsa  cal¬ 
culated  to  bit  approximately  33  peia  less  than  ths  s&setured  aisti?  pras^cte 
«fc  th*  fn.^ectoif  £«ee,  Cat  sea  pending  pressure  meaaurgffisrt®  vaiifiea  this 

piTcSBUfV  4VSJK'  "UC  / V  «c  /  |>StO  |  tlliw  VStifcivd 

balance  ssfeihod  used. 


e,  numium  nm  rats 

<U)  Vf  «  0  t  6. 

p  0  f 

wherej 

#  *  Voaumetyic  flow  rata  x  density 


t  ■ 


(y>  Volumetric  props! iant  flaw  ?stoe  are  measured  with  turbint-typs 
flowmeters  or  standard  ertfiesa.  The  propellant  densities  are  est&feHshsr! 
by  temperature  and  pressure  measurements  at  *ho  flowiaetsrs, 

(U)  Oxygen  contamination  was  measured  from  vsmpiss  taken  Immediately  b©’ 
fore  and  after  eceh  teat,  ihe  oxidisor  flow  rate  was  corrected  for  tha 
difference  In  densities  of  £>2,  H, ,  ana  A. 

(U)  Propellant  leakages  through  stand  valves  end  flange  seals  yere  rasas* 
ured  with  standard  ertf ices . 

f.  mmm  uno 

CO)  -  t  **  wg/wf 

s.  ^rust 

1*  SOS  Model  Teats 
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?  ,  •*  F  +  ?  £A  )  *  (A  -  A  )? 

vac  mass  a  -&*  s  »  sv  a 


A„  *  Oossla  assn  at  diffusor  ag&i 


Pfl  *  Frasssyse  seeing  er«  ousts  ista  of  a»#*le,  skirt  •zteftm&tj?a&>a  of 
tha  diffuser  seal. 
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fU)  ?rv  r  in  tent  (5Q3C3C).  which  use  eonSy.'isd  without  5  diffuse?, 
8<?pafut*.  3  occurred  and  a  separation  dreg  £h?ust  rerreetio;  ?,*as  applied 
by  gi'ph^lly  integrating  the  pressure  sre*  para^tess  downstream  of 
the  r.res  ratio  at  which  the  agparetlop  occurred. 


?.  ~n<$T»aZt 


£U)  For  ♦  10  retracted  noxsl«  taste  the  ais  levtl  thrust  was  -aaagur&d 
direct  lyl 


(Uj  Tor  i  ie  extended  uosrie  tests  i 


f>  K  f  ‘  *f  A  X  * 

;es  msas  o  a  mb 


H,  CHAH^.R  MEAT  LOSS 


id)  The  5  *K  uncoiled  tests  ware  conducted  with  §?ssphit§  ar.d  coppor  tham* 
>er  Hns»\.,  The  graphite  was  uncooled  the  'oppnr  Ilnurs  ware  GH- 
lilm-coottd  except  a*,  the  data  point-  A  heat  transfer  computer  program 
us s  condi  :fced  to  analyse  both  the  graphite  snd  copper  chatf-hr?  tirer  hea~ 


crnnsler i  :aitip  film  coefficients  ss  c.-ilculatfd  by  the  B«r«  equation. 


(C)  Tlie  t-trtl  huat  tiux  was  estimated  to  ba  50C0  and  4200  St-y/sec  for 
the  uncudleil  copper  and  graphite  liners,  respectively.  The  nffact  of 
these  h«A-C  fluxes  on  characteristic  vaioclty  ann  vacuum  Impulse  was 
estimate^  'by  a  theoretical  combust  ton  program  t<  be  approx  innately  0.20 
and  0 , 44t  t  es pee  t Ive 1  y . 


1.  NOZZH  HEAT  LOSS 


(C)  Fcr  the  uncooied  norsle  testa  the  nogrle  skirt  downetreati  o'  an  area 
ratio  of  A. 75  was  f llss-xooled’  with  water  except  at  the  data  {Joint.  Anal¬ 
ysis  of  the  transient  Jieat  transfer  was  used  to  obtain  a  hetC  loss  and 
heat  los/;  profile. 


<C,i  On  >  .ye  2S0K  tostu  £2$GSC7C  through  250SClIC)t the  primary  noszie 
weo  b-jifagen  cooled  froa  an  area  ratio  of  4.75  fs  an  area  ratio  of  20. 
Tins  no£fi»‘  heat  loss  in  thl*  section  vac  determined  from  measured  cool- 
pnt  floe  rates  and'iniet  and  discharge  conditions. 


(tl)  Tm  offset  of  hsac  loss  on  performance  was  wstlsatcd  by  computing  the 


theoraHcal  performance  for  gn  equivalent  loss  c£  heat  st  discrete  nestle 


sutler 


S&rt'S  “A  SlSipla  gqust.icn  S&s  Sapid  Estimation  of  Rockat 

Urgt-'^  Ccnvscttv«  H«st  Trsmeisr  Co^fftcienta /’  Jet  PropuLelon  27 
(m  it 57.  m 
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J.  PROPELLANT  INJECTOR  PARAMETERS 


l.  Fuel  Injection  Velocity 


(U)  In  the  following  equations  subscript  •’£"  tefers  to  the  hydrngsn 
the  preburner  and  to  the  prebumer  combustion  products  in  the  sain 
burner , 


liL 

V 


/TTT? 7 

'i  •  V  —i r~ 


(25 OK  Teste) 


(50K  Tests) 


in 


Oxidizer  Injection  Velocity 


(U) 


V 

o 


3.  Injection  Velocity  Ratio 


(U) 


VR  »' 


d.  Ir.Jeccluit  Momentum  Ratio 


(U) 


MR 


nut  m 
burner 


•  w.  V ,  /  vc  V 

f  8  If  0  O 


where: 


(0> 


K. 


(U) 


L. 


■»  Flow  through  the  fuel  slots  around  the  oxygen  elements 

‘Wwj  •  Ac{j  Rigtaesh  injector  face/A^  Fuel  total  x  100  •*  X  tace  cooling 

MR  .  ■  wfV,/w  V 

preburner  if  o  o 

SPZCIFIC  IMPULSE 

I  -  F/w 

t,  p 

IMPULSE  EFFICIENCY 


1.  Nozzle  Retracted 

w>  ’ll,;  *  coon;,/!,, ) 


?9G 


(Ihlt  po&t  !i  UntfitHifted) 


vhere  U  a  function  of  propellant  Inlet  conditions,  chamber  pressure 
oAPuuat  pr«»;u?r ,  ov^inll  fixture  TttLo9  ratio,  oKldlta?4  ton 

t,  55t»  ItrS  1 1  on,  and  nozzle  and  chamber  heat  loss ;  for  one-dimensional  iaen- 
tropic  flow  am!  shifting  equilibrium. 

2.  Nossle  ExtendeJ 

(U)  -  100(1  /l1  . 

\&c  vac  vac) 

where  1*  is  a  function  of  propeUunc  Inlet  conditions,  chamber  pres¬ 
sure  overall  mixture  ratio,  nozzle  ar?a  ratio,  oxidizer  contamination, 
and  nozzle  and  chamber  heat  loss;  for  one-dimensional  isentropic  flow 
and  shifting  equilibrium. 

H.  THRUST  COEFFICIENT 

(U)  Cj  »  F/P  A* 

N.  THRUST  COEFFICIENT  EFFICIENCY 


l .  Nozzle  Retracted 


(U)  I),.  •  100fC_  /C'  ) 

S  ,  Fsi  Fsl 

s  1 

where  Cp1,  j  is  a  function  of  propellant  Inlet  conditions,  chamber  pres¬ 
sure,  exhaust  pressure,  overall  mixture  ratio,  nozzle  area  ratio,  oxl- 
J  zer  contamination,  and  nozzle  heat  loss;  for  one-dimensional  Iscn- 
troplc  (low  and  shiltlug  equilibrium. 

2.  Nozzle  Extended 

(U)  \  •  ioo(cF  /cF'  ) 

vac  vac  *  vac 

where  Cp^nc  Is  a  fraction  of  propellant  Inlet  conditions,  chamber  pres¬ 
sure,  overall  mixture  ratio,  nozzle  ar^.a  ratio,  oxidizer  contamination, 
and  nozzle  heat  loss;  for  one -d irens Iona  1  isentropic  flow  and  shifting 
equilibrium 

O.  CHARACTERISTIC  VELOCITY 

(U)  c*  -  P  A*g/* 

c  p 

P.  CHARACTERISTIC  VELOCITY  EF1 xCIENCY 

(U)  nc*  •  100(c*/c»') 

where  c*'  is  a  function  of  propsllant  inlet  conditions,  chamber  pressure 
throat  mixture  ratio,  oxidizer  contamination,  and  chamber  heat  loss  (for 
uncooled  taBts);  for  one -dimensional  isentropic  flow  and  shifting  equilt 
brlum. 


Q.  TEST  DURATION  ,‘ND  DMA  POINT  TIMS 


(U>  Test  duration  and  th®  data  tisse  ware  selected  by  she  tech¬ 

niques  shovn  in  figure  759. 


Figure  759.  Typical  Pc  Tracer  Sh.iwing  Base  FD  23065 

fo?  Firing  Duration  and  Data  Period 

R.  TEST  INSTRUMENTATION  ERROR  ANALYSIS 

l.  50K  Data 

(U)  An  error  analysis  was  made  to  estimate  the  accuracy  of  the  combus¬ 
tion  performance  data.  The  method  by  Dr.  J.  N.  *©rr*ftonr,l®,  "Toleranc- 
ing  by  the  Statistical  or  Differential  Method,"  was  used.  According  to 
Berretone's  equation,  the  error,  Ay,  in  the  dependent  variable  y,  is  a 
function  of  the  independent  variables,  *,  and  their  estimated  maximum 
probable  errors  Ax  as  shown  by  the  relation: 

[’  N  2  2  2  2  2 

2  (cjy/  d*j)  (&x,  )  +  (by/ b*2)  (**z)  +  fa*  (a*n) 

where  N  is  the  total  number  of  independent  variables. 


i0Chainnan,  Department  of  Statistics,  Western  Reserve  University 


(15)  h*;xl?3um  sxpeetsd  instrumentation  errora  (two  standard  deviations) 
tor  the  ju,Gw-,,!(  thms i  levs*  tca;a  on  the  B"28  test  tsulllvy  wet's. 


Parameter 


Maximum  Exported 
Instrumentation  Error 


Chamber  pressure* 

Flowmeter  pressures 
LO^  volumetric  £low  rate 
LHj  volumetric  flow  rate 
GHg  volumetric  flow  rate 
U>2  flowmeter  temperature 
UU  flowmeter  temperature 
GH?  flowmeter  temperature 
Thrust 

*Bflsed  on  redundant  pressure  read 


±  0.41% 
j-  0.48% 

±  0.64% 

±  0.71% 
t  1.4% 

±  O.U°R 
±  0.13UR 
±  2.0CR 
1  0.36% 
ings . 


(U)  The  maximum  expected  error  for  nozzle  throat  area  was  ±  1.0%  and 
-  0,j7,  for  the  uncooled  anti  cooled  tests,  respectively. 

(C)  Applying  the  error  analyses  equation  yields  the  following  estimated 
performance  data  erro's: 


Parameter 


Uncop led  Tests 


Cooled  Tests 


Nomina  1 

Estimated  Error 

Nominal 

Estimated  Error 

Value 

(7.  of  Nominal) 

Value 

(%  of  Nominal) 

^vac 

50,000  ibf 

4 

0.42% 

50,000  lbf 

*■ 

0.42% 

Wo 

‘16.2  Ib/nec 

* 

1.16% 

94.5  Ib/sec 

+ 

1.15% 

Wf 

WC 

14.8  ib/scc 

4 

0.87% 

14.2  lb/sec 
3.0  Ih/sec 

•f 

0.87% 

1.5% 

r 

6.5 

± 

1.45% 

5.5 

t 

1.38% 

c* 

7390  ft/sec 

* 

1.46% 

7540  ft/eec 

t 

1.05% 

CFvnc 

1.96 

£ 

1.13% 

1.92 

t 

0.5S% 

*vac 

449  see 

> 

t .  107. 

448  sue 

± 

1.07% 

c*' 

cFvac 

7540  ft/sec 

0.29% 

7775  ft/sec 

A. 

* 

0.21% 

2.00 

4* 

* 

0.21% 

i ,  *3J 

4. 

««r 

0. 18% 

Ivsc 

468  sec 

$ 

0.10% 

471  sec 

0.03% 

«  if 
% 

98.0% 

£ 

1.49% 

97.0% 

i 

1.07% 

^cFvac 

98.0% 

+ 

1.15% 

93.0% 

i 

0.60% 

*Uvac 

96.0% 

X 

1.11% 

95.0% 

t 

1.07% 

2.  250X  Data 

(U)  The  error  analysis  made  of  the  25QK  data  used  the  method  based  on 
the  preliminary  recommendation#  of  the  Interagency  Chemical  Rocket 
Propulsion  Group,  Measurement  Uncertainty  Committee,  and  provides  four 
separate  numbers.  The  factors  considered  are: 

1.  Precision  Error  (ff)  *  A  measure  of  the  scatter  or  nonxepeat- 
eblilcy  of  a  measurement .  The  precision  error  of  a  measurement 
is  reported  as  one  sample  standard  deviation.  It  is  a  statistic 
calculated  directly  from  redundant  measurement  data  or  indirectly 
as  a  linear  combination  of  variance  estimates. 


2.  Degrees  of  Freedom  (Dr’)  -  The  effective  sample  site  used  in 

«»tlm»flr.a  tiio  p^nr  1« i_nn  •pin)'.  TVia  rlaa/riift  ft#  fygtjflw 

associated  with  the  precision  error  is  reported  and  reflect# 
the  sample  sire  and  the  method  used  to  obtain  the  precision 
error  estimate.  If  the  estimate  is  a  root  sum  square  of  other 
estimates  based  on  different  sample  sires,  the  Welch-Sattarthwalte11 
method  is  used  to  estimate  the  degrees  of  fteedom.  If  the  degrees 
of  freedom  exceeds  30,  it  is  not  reported  (except  that  DF  >  30). 

3.  Bias  (B)  -  The  systematic  error  of  the  measurement.  All  known 
biases  are  removed;  the  remaining  bias  is  unknown  in  both  magni- 
tude  anu  sign.  The  error  is  reported  as  an  upper  limit  or 
upper  bound  based  on  a  best  engineering  Judgment.  These  limits 
arc  ordinarily  in  tha  form  t  B.  B  is  not  a  statistic  (l.e.,  not 
data) . 

4.  Uncertainty  (U)  -  An  arbitrary  measure  of  the  system 
accuracy  or  closeness  of  the  measurement  to  the  truth. 

This  is  calculated  from 


where: 

tqj.pF  »  The  957.  value  based  on  a  t  distribution  for  the 
'  degrees  of  freedom  (DF)  reported  in  (2). 

B  •  Bias  from  (3) 
ff  Precision  error  from  (1) 

The  uncertainty  is  calculated  as  a  linear  combination  of 
bios  and  precision  error.  This  term  docs  not  have 
statistical  validity  but  is  useful  as  a  single  number 
representing  accuracy. 

((J)  The  errors  of  calculated  parameters  based  on  measured  parameters  are 
calculated  using  the  method  of  partial  derivatives  and  the  statistical 
theory  of  propagation  of  error.  The  precision  error  for  a  calculated 
value,  x,  which  is  a  function  of  two  other  variables  y,  z ,  i.e.,  x  ■  f(y,z) 
is  calculated  using  a  Taylor  series  expansion  for  a  function  oi  two 
variables.  Thus 


^K.  A.  Brownlee,  Statistical  Theory  and  Methodology  in  Science  and 
Engineering,"  John  Wiley  &  Sons,  New  York  City,  M,  Y. ,  1960  pp  230-240. 
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(THU  peps  >i  Ufitlsttlfisd) 


(U)  The  maximum  expected  measuremsnt  errors  for  tfc'  2^G,000»lb  thrust 
level  tests  on  the  E-fi  test  facility  tscre? 


Parameter 

Precision 

Bias 

<H?) 

(Maximum 

Estimated) 

Ohsfcber  pressure 

4  0.22% 

± 

0.23% 

Flowmeter  pressure 

*  0.0?% 

1 

0.18% 

IO2  flow  rate 

(total) 

i  0.20% 

t 

1.32% 

LO2  flow  rote 

(preburner) 

*  0,21% 

t 

1.52% 

LO2  flow  rate 

(main  burner) 

4  0.20% 

t 

1.33% 

LH2  flow  rate 

(preb :rner) 

*  0.21% 

4 

1.67% 

GH2  flow  race 

(preburner) 

*  0.33% 

* 

3.00% 

CH2  flow  rate 

(coolant) 

t  0.17% 

+ 

2.50% 

LO2  flowmeter 

temperature 

♦  0.05°R 

4 

0.10°R 

LH2  flowmeter 

teaperature 

4  0.02*R 

0.05'U 

GH2  flowmeter 

temperature 

+  0.U*R 

4 

l.3l°R 

Thrust 

*  0.19% 

•  • 

At 

*  0.07% 

m  m 

Ac 

+  0.09% 

•m  m 

(C)  Applying  the  error  Analysis  yields  the  following  estimated  performance 
data  errors: 


irameter 

Nominal* 

Precision 

Bias 

Uncertainty 

Value 

.  <W> 

(Maximum 

Estimated) 

(U) 

Fvac 

246,290 

♦  0.16% 

m  m 

4  0.31% 

*0 

467.7 

♦  0.14% 

4  0.89% 

t  0.93% 

wf 

74.3 

•  0.18% 

t  2.20% 

4  2.22% 

wc 

5.3 

4  0.17% 

t  2,50% 

4  2.52% 

r 

5.88 

4  0.22%- 

+  1,67% 

4  1.72% 

c* 

7556 

+  0.26% 

*  0.82% 

4  0.97% 

C*vas 

1.918 

4  0.26% 

4  0.23% 

4  0.56% 

*vac 

450 

4  0.20% 

i  0.79% 

t  0.88% 

c*' 

7695 

4  0.04 

4  0.31% 

4  0.32% 

C^v«e 

1.941 

4  0.03 

4  0.23% 

4  0.24% 

Ivec 

465 

*  0.01 

4  0.06% 

4  0.07% 

TJ  * 

'c 

98.2 

4  0.26% 

4  0.87% 

4  1.02% 

% 

1)  vac 
ivac 

98.8 

4  0.26% 

4  0.32% 

4  0.61% 

96.7 

4  0.20% 

4  0.79% 

4  9.«6% 

♦Based  on  test  No.  250SC7C,  100%  thrust  data. 

Note:  The  degrees  of  freedom  were  greater  than  30. 
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(U)  The  above  PRPlys?£  of  fcb@  5®  find  23C&  &st«  apply  only  to  instru¬ 
mentation  rtnfl  ether  snaae-msg  techniques  to  which  maximum  ejected  r**o?i 
can  he  estimated  with  a  high  degree  of  ce*U  donee.  The  effect  of  other 
factors  such  as  heat  loss,  contamination  effects,  imperfect  steady-state 
conditions,  and  inexact  knowledge  of  the  thermodynamic  nozzle  threat 
art/s  behavior  can  only  be  approximated  and  inctease  the  actual  maximum 
expected  error#  over  the  values  given. 

S.  ANALYTICAL  PERFORMANCE  MODELS 

1.  Combustion  Gas  Profile 

(U)  A  combustion  gas  profile  model  was  used  to  determine  the  effect  on 
performance  of  coMtbusti  on  chamner  fixture  ratio  profile  (incomplete 
mixing)  exclusive  of  the  effect  of  transpiration  cooling. 

(U)  The-  propellants,  chamber  pressure,  exhaust  rozxle  area  ratio,  and 
Gverago  engine  mixture  ratio  in  selected,  and  t.ie  theoretical  character¬ 
istic  velocity  nod  thrust  coefficient  calculated  as  reference  values. 

The  reaction  products  are  distribution  divided  into  nineteen  stream  tubes 
of  equal  mass  fraction.  A  parabolic  mixture  ratio  about  the  mean  mixture 
-'•a  tin  is  arbitrarily  assumed.  A  mixture  ratio  of  some  arbitrary  increment 
below  the  average  engine  mixture  ratio  is  selected,  and  the  required 
mixture  ratio  for  a  corresponding  stream  tube  above  average  engine  mixture 
ratio  is  calculated  as  follows: 


(U)  The  weight  fraction  of  fuel  and  oxidizer  based  on  the  engine  mixture 
rati o  are: 


_J _ 

l  +  roa 


and  X0fl 


roa 

l  +  ron 


(U)  The  weight  fractions  of  the  total  fuel  and  totoi  oxidizer  In  a  lower 
mixture  ratio  stream  tube  were: 

Yi  Yin 

x<i  -  — 3nd  X°1  -  rHr 

(U)  the  weight  iiou.jon  of  total  fuel  and  oxidizer  in  the  higher  mixture 
stream  tube  is: 

Xfh  "  Xfo  "  Xfl  ond  X°h  ’  X°a  "  Xoi 
and  the  mixture  ratio  is: 


(This'  page  it  Unrfattified) 


nbUi  — 


(U)  Having  determined  the  mixture  ratio  for  all  tha  stream  tubes,  the 

performance  foe  the  unmtxcu  case  is  calculated.  First ,  the  threat  ton* 

di-.ion  for  the  simultaneous  expansion  of  the  strosis  tubes  is  found  by 
minimising  the  flow  area  for  the  eum  of  the  stream  tubes- 

w  ■  PAV  ■  constant 
$ 

A  ■  py"  "  minimum  at  nozsle  throat 


or 


* 

A 


+ 


19 

+  - — - —  «  minimum 
P19V19 


(12) 


(U)  Gas  densities  and  velocities  are  found  by  determining  equilibrium 
performance  with  expansion  to  a  series  of  pressures  near  the  estimated 
throat  pressure.  An  area  is  calculated  and  the  throat  pressure  is 
determined  for  the  minlmun  value  solution  of  equation  (12). 


(U)  A  similar  procedure  is  then  used  to  determine  the  vacuum  specific 
.mpuise  based  on  expansion  to  the  area  ratio  of  interest.  For  a  given 
exit  pressure  the  area  rotio  is: 


V1  /*  1  V1  +V" 2V2  +  •••  +  *19 V19 


★  * 


*  * 


inr 


Wl  +  W»*  -  +  Wl9 


(13) 


(U)  For  several  pressures  near  the  estimated  exit  pressure  the  density 
and  velocity  are  found  with  the  com' ustion  deck.  The  exit  pressure 
corresponding  to  the  area  ratio  of  interest  is  found  by  interpolation. 


(U)  Ivac  and  c*  are  calculated  for  each  stream  tube  with  the  equilibrium 
performance  deck  for  the  determined  throat  pressure  and  r.oazle  exit 
pressure.  The  unmixed  performance  is  then  calculated  by  taking  weighted 
averages  of  the  ctream  tubes. 


* 

c 


YlCl  +  Y?C2  + 


a  a  t 


+  Y 


* 

19c19 


I  -  *  I  ,  +  Y-I  „+...+  YtaI  .a 
vac  1  vac  1  2  vac  2  19  vac  19 


(U)  The  unmixed  characteristic  velocity  and  vacuum  specific  impulse 
efficiency  relative  to  the  completely  mixed  case  are: 


V 


* 


and  *?t 

*'  *vac 


I 

-y_g£- 

i' 

vac 


where  c*'  and  I^,ac  are  theoretical  values  at  the  average  m‘ 
and  the  thrust  coefficient  efficiency  is: 


'CF 


vcc 


% 


vac 
71  * 
C 


•  ratio, 
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(U)  ??cpt  and  rHv&c*  sts  functions  of  mixture  mti©  profile  at 
constant  engin®  mixture  ratio  can  b*s  cetsyssinsd  ay  assuming  different 
increiflsnta  of  mixture  ratio*  ros  -  ??,  and  reposting  che  celCBiseions, 

2.  Transpiration  Sealing  Mixture  Satie  Profile  Model 

(0)  An  analytics!  model  that  assumes  partial  mixing  of  i),e  injector 
ccs&uflfcion  gasses  and  hydrogen  coolsnt  was  us®d  to  estlmgtc  she  effort 
of  *;  vans  pi  ration  cooling  on  performance,  A  misturo  ratio  profile  tor 
Che  flow  passing  through  the  threat  suction  is  assessed  ae  shown  In 
figurs  76(5.  Thu  profile  is  cslsulsted  by  spuming! 

1.  The  mixture  ratio  varies  Hnearly  with  area  esroae  a 
diffusion  lay  •?  from  fro  wall  to  the  mainstream. 

2.  The  toes!  ggs  tempers ture  across  the  profile  is  equal  to 
the  ideal  combustion  temperature  at  the  local  mixture 
ratio, 

3.  The  stream  cube  mass  fraction  is  proportional  to  tube 
area  fraction. 

(U)  The  profile  in  the  diffusion  layer  i«?  divided  into  i  concentric 
stream  tubes  of  equal  area.  The  arcs  a£  each  tube  (&h%)  is  determined 
by  aumniRg  the  weighted  eversge  of  the  percent  fuel  of  each  tube 
(including  the  mainstream)  ond  equating  the  sum  to  the  eve-rage  overall 
percent  fuel  value,  at  the  throat,  ss  shown  in  the  following  equations 

!T<7.  fuel),  &A*  »  (Overall  Throat  %  fuel)  A*  (14) 

l  1 

(U)  The  predicted  characteristic  velocity  <c*)  is  determined  by  aumssing 
the  mass  fraction  contribution  of  the  theoretical  characteristic 
velocities  of  each  stream  tube. 
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corresponding  to  the  various  stress  tuht  mixture  ratios  at 


aa  tsfuressed  by  the  following  equation: 


1  NMH 

the  throat 


I 


S 


Throat  (Base) 


Total  Transpiration 

Ettg^c  -  Cooling  Down- 
Flow  stream  of  Throat 

Total 
FTngl  no 
Flow 


(15) 


(U)  Becauie  a  portion  of  the  transpiration  cooling  How  i§  injected 
t.  nigh  the  norale  wall  downstream  of  the  throat,  the  continuing  diffusion 
of  tne  cooling  flow  into  the  main  flow  (burning  or  releasing  of  energy) 
altera  this  base  Impulse. 


(U)  Specific  impulse  is  calculated  at  the  cross  section  where  the  f’jns- 
piratinn  cooling  flow  terminates  in  the  nozsle  by  the  some  procedure  as 
that  described  for  the  throat  section.  Sections  in  the  nozzle  down¬ 
stream  of  the  end  of  tranapircti on  cooling  arc  examined  also.  Hew 
mixture  ratio  profiles  are  construe  <?d  and  thoir  resulting  specific 
impulses  calculated.  The  new  profiles  are  determined  by  assuming  that 
fcne  diffusion  layer  increases  at  a  constant  rote  for  every  unit  length/ 
unit  diameter  &./&)  In  the  nos«lo.  ?hv  difference  between  the  thickness 
of  the  diffusion  layer  at  the  end  of  the  transpiration  cooled  section 
and  at  the  throat  divided  by  the  S6U./D)  at  the  end  of  the  cooling 
section  is  the  radial  growth  per  increment  of  t/B,  Therefore,  at  any 
other  section  in  the  nozzle  the  U6&./B)  of  that  section  will  yield  the 
increase  in  diffusion  layer  thickness  over  the  value  at  the  throat. 

D  (ftL/D)  vs  expansion  ratio  for  a  typical  bell  nozzle  is  illustrated  In 
figure  ?6l . 


Figure  761 .  £  &WD)  vs  Area  Ratio  F3  14020 
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(Is)  The  relative  Impulse  contribution  (6l )  calculated  at  each  section 
ie  eerrelated  by  a  recovery  factor.  RF.  (refer  to  figure  762)  to  obtain 
an  impulse  geir.  ssseclsted  with  the  mixing  in  the  nozsle.  This  lucre Jae 
in  impulse  added  to  the  base  impulse  calculated  at  the  throat  se  shown 
in  equation  (16)  is  the  total  predicted  specific  impulse  for  th*  nogale. 


Throat  Wail- 


DifCar.ion 

*•  s 

Layer 


•Mainstream 


Throat  Centerline « 


PERCENT  THROAT  CROSS-SECTIONAL  AREA 


Flgu~e  762.  Nozzle  Recovery  Factor 


FD  5204 


r  f  *  n  r 

+  RFj  | AI  +  RF2  6£ 

l  Jt  ■  l  I 


T  *  T 

S  5  Throat  (base) 


. . .  +  RF 

n 


*  -  t 


C  -  E 


€  **  6, 


e  -  et 


wh  re: 

RF  M  Roc every  factor 

ET  ■  Area  at  end  of  transpiration  cooling 
■  Nozzle  exit  area  ratio 

(U)  The  theoretical  predicted  thrust  coefficient  (Cp)  is  found  by  taking 
the  rat4o  of  specific  impulse  to  the  c*  predicted  by  the  model. 
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APPENDIX  V 

f*0«3Kf?  RXHAUST  SAMPLING  i'RGBE 

{£>  Correlation  of  the  high  pressur?  test  data  with  theoretical  analytical 
midsl3  each  es  the  combustion  gas  profile  model  aiecusaed  in  Appendix  XI 
ai  pgesta  thst  a  significant  source  of  performance  loss  0.07,  st  r  «  6.5 
b«scd  on  50K  teats)  is  attributable  to  fcne  main  chamber  combuption  gag 
mixture  ratio  profile.  Tne  assumed  profile  at  r  *  6.5  is  ahown  in  fig¬ 
ure  763. 


Figure  ?63.  Mixture  Ratio  Profile  Pro-  DF  5967? 
dieted  by  Combustion  Gas 
Profile  Modsl  for  rj, nj  =  6.5 
and  Pc  ■  300D  pel 


> 


i 
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(U)  A  probe  w<th  four  tadtal  sampling  ports,  shown  In  figure  764.  was 


Figure  764.  Rocket:  Exhaust  Gas  Sampling  Probe  FD  20173A 

(U)  The  rnropling  system  is  shown  schematically  end  installed  on  the 
test  stand  in  figures  765  and  766,  respectively.  Probe  tip  radial 
locations  are  shown  In  ftgure  767.  Two  techniques  were  employed  for 
profile  determination: 

1.  Continuous  monitoring  resonator  technique 

2.  Trooped  gas  sample  chromatograph  analyses. 

(U)  The  resonator  technique  is  based  on  the  principle  that  a  resonator 
frequency  is  proportional  to  the  speed  of  sound  in  the  media,  which  Is  a 
function  of  the  gas  temperature,  molecular  weight,  and  specific  heat 
ratio.  The  ^os  temperatures  and  resonator  let  , •" ncies  were  measured 
and  used  t<"  calculate  the  moleculat  weight  (mixture  ratio).  The  resonators 
were  frequency*cal ibrated  and  the  frequency  measured  by  a  vibration  pickup. 
The  relationship  of  frequency  to  mixture  ratio  and  gas  temperature  is 
sh  w,  for  resonator  No.  4  in  figure  768.  In  the  gas  analysis  technique, 
a  >-<  pie  is  trapped  In  the  sampling  loop  of  a  solenaid-act,--;.d  sampling 
valv  and  fansferred  to  the  chromatograph  by  a  helium  carrier,  where  the 
constituent*  ar«  separated  by  differences  in  their  affinity  for  a  molecular 
sieve  mater’  !.  The  quantity  of  each  constituent  is  then  determined 
electrically  ,•  measuring  the  changes  in  the  resistance  of  a  heated 
clement,  which  is  affected  by  the  thermal  conductivity  of  the  gas. 

Sampler  were  taken  at  full  thrust  with  the  nozzle  extended. 

ilium 
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Run  No. 

2M3C2C-250SCSC 

25USG7C-740SCHC 

Probe  No.  1 

>2443 

10443 

Probe  No.  2 

20480 

18,680 

Probe  No.  3 

27.163 

23.180 

Probe  No.  4 

28.280 

28.260 

Figure  ’07 .  Probe  Tip  vocations  FD  23012 

(C)  The  probe  leading  edge  was  water-coo1  e-J  Rigimesh  and  the*  sampling 
tubes  were  water  cooled  internally  in  the  housing.  Samples  were  taken 
during  seven  tests  (250SC2C  through  250SC6C,  25CSC8C,  and  250SC11C). 

Valid  dat*)  were  not  obtained  for  the  first  five  testa  because  of 
insufficient  hot  gas  purge  time  to  adequately  heat  the  lines  and  prevent 
condensation.  The  GH2  heating  system  did  not  provide  the  capacity  to 
preheat  the  system  significantly  above  ambient  tlSO’F  maxi  miff).  Purge 
time  was  increased  from  4  to  7.75  seconds  and  system  temperatures  were 
increased,  although  not  enough  to  prevent  condensation  in  all  cases. 

Valid  resonator  data  were  obtained  at  location  No.  4  during  the  last 
two  testa  and  are  shown  plotted  in  figure  768,  The  chromatograph  dgtti 
cannot  be  used  quantitatively  because  temperatures  at  the  sample  valve 
remained  too  low  to  prevent  condensat’ on .  However,  e  significant 
variation  in  hydrogen  and  the  fact  that  some  oxygen  was  captured,  as 
shown  in  figures  769  and  770,  substantiates  the  theory  that  a  significant 
mixt  ire  ratio  profile  exists. 

(U)  The  hardware  wgs  in  good  condition  after  testing,  as  shows  in  fig¬ 
ure  / 7 1 .  Some  erosion  of  ^he  sampling  tips  ard  of  the  Eigiirsfsh  face 
occurred  where  che  shock  wove  from  the  sampling  ports  impinged  on  the 
nousing.  The  probe  will  be  modified  to  allow  snore  coolant  in  these 
areas  for  future  tests.  The  sampling  system  will  be  modified  to  ensure 
adequately  high  system  temperatures  (>300°F)  to  prevent  water  condenss- 
ti  on . 
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11  ABSTRACT 


Hum  1  ol  the  Advanced  Uevelopment  Program  lot  •  high  Performance 
Ovyxin/Hydrogtn  locket  fcnglne,  which  we*  sponsored  by  the  Air  force  Rocket 
ft opu i » loo  laboratory  it  frutt  b  Whitney  Altered,  we*  An  evaluation  nt 
th»  critic*!  technology  associated  with  the  stCgtd*  combust  ion  hell  not*l* 
♦.•dine  lyitH  Ixoerlaenta I  evaluation  was  conducted  In  the  area*  of 
preburnt  r,  main  chamber,  noiflg,  turbo  pump  bearing*,  and  engine  control*. 

In  addition,  engine  system  (module)  preliminary  design  and  application* 
studies  were  conducted.  In  the  Module  l>e»lgn  Study,  a  system  i>da  balance, 
ol  f- design  analyses,  tTJn*|*nl  analyse*,  cunyonvnt  »nd  system 
design  studies,  a  weight  study,  and  a  parametric  engine  study  were  com¬ 
pleted  Pie  Application*  Study  w*%  sompleted,  anC  a  separate  final  report, 
AfRFL-TR-b?-?;o,  wai  lavued.  Under  the  Cooling  Investigation,  >t<  staged 
combustion  test*  were  conducted  that  demonstrated  high  ispulae  efliciency 
*nd  the  two- position  translating  notile.  Under  the  fwrbopump  Component - 
invest igat ton,  endurance  testing  of  the  hydrogen  tutbopw'sp  bearing  demon* 

*t  rated  long  life  1*  feasible,  but  roller  skewing  repaint  a  significant 
problem  Under  the  Module  Control  System  investigation,  the  exit,  tier 
fUse  divider  valve,  the  mixture  ratio  val/e,  end  ignition  system*  vert 
designed,  manufactured,  and  tested  with  the  pieb*  rnei  and  stain  burner. 
Continued  development  is  needed  to  Improve  *ral  performance.  The  fre' 
burner  l)s»«<n*  trail  on  investigat ion  was  tinplat  d,  and  ignition,  control, 
and  dynamic  combustion  stability  were  demons!  ated,  however,  sddKl ftits 
d*  ee  tuj«wni  is  required  to  reduce  tie  hoi  g«»  ta*petature  profile,  Und- 
the  ,M)K  Stayed  Combustion  invest ipe. lwn ,  the  /}OK  main  chamber  was 
tested,  and  the  performance  and  feasibility  of  the  full’**ate  tandem 
concept,  including  the  two*  po* !  t  I  o',*  no«„i«  and  dynamic  combustion  sta 
bility,  we*  demon  »t  ratsd  at  veriuut  thtust  levels 
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In  reply  p'esst-  ri  Ut  Ij; 

M  F5  ,*  R 1  *Si  u  h :  C  or:  t,  Adm. 


Mrs.  Mary  Racovich,  FTMKR-s 
Directorate  of  Mati-rlel 
Prucuru/nenf  Division 

Edwards  Air  Foret  Base,  California  93523 

Reference;  {&)  PwfA  FP  67-*l  1,  250K  High  Po rfc  rmatica  Reusable 

Oxygen/Hydrogen  Rockat  Eng. i  t,  d&ftd  21  August  19o?, 

pA' 

(b)  ’PWAFR-I8J0,  Component  De sigh  rUndbortk,  Advanced 
Dov3iopme.ni  Program  tor  a  High  Petfo£,miin*.«  Oxygen,’ 
Hydrogen  Rocket  Engine,  dated  30  June  l%b. 

'JJ  Vc*  23  PWA  ER- 1911,  Quarterly  Report  Mu.  I,  Advanced  Cry¬ 

ogenic  Rotket  Engine  Program  Staged  -  Combustion 
Concept,  dated  June  1966, 

o/r. 

'  PWA  FR*IS28,  Quarterly  Report  No,  l,  2S0K~Threri 
Chamber  Technology  Program,  d&tsd  30  Juno  1966. 

rJfr 

PWA  FR>2372,  Final  Report  -  Advanced  Engine  Design 
Study,  Boll,(AEB),  dated  July  31,  1967.  . 

PWA  FR-2397,  Advanced  Cryogenic  Rocket  Engine  Pro* 
grant  Staged  -  Combustion  Concept  •  Final  Report, 
dated  December  1967, 

Dear  Mi'i,  Rjicovich; 
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’  The  ll,  S,  Patent  Office  has  Issued  a  Secrecy  Order  with  s  modifying 
"Security  Requirement*  Permit'5  against  United  Aircraft  Corporation's  U.  S, 
Patent  Application  No.  725,964,  entitled  "QuaI  Slot  trier  injector  IHcmor.t, 1 
Thi#  Secrecy  Order  teUtea  to  a  smgte  th;ottl$$lj;«  injection  oicmatfl  that  pro¬ 
vides  a  wide,  range  of  throttUablilty,  ^ou  ars  advised  that  ths  referenced 
documents  contain  Information  xeUUfeg  to  th la  oinw«£t. 
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Mrs,  Mary  Raccw't  h 
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-  .  -AJ'Securlty  Requlrtmurits  Purintl"  limits  diacloBure  of  the  subjoct 
matter  involvud  to  the  security  requirement#  of  the  Government  contract 
which  Impose#  the  highest  level  of  security  classification  the  toon.  Xhe, 
highest  level  of  security  clnsHiflcailon  on  the  subject  matter  of  this  appli¬ 
cation  Is  "Confidential",  Disclosure  of  the  invention  or  any  material  in¬ 
formation  with  respect  thereto  is  prohibited  except  by  written  consent  of 
che  Coininisaiunor  of  Patents  or  as  authorized  by  the  permit.  By  statute, 
violation  of  a  Secrecy  Order  id  punishable  by  a  fine  not  to  exec-cd  $10,000 
and/or  imprisonment  for  not  more  than  two  years. 

If  this  Invention  has  buen  disclosed  to  others,  the  recipients  of  this 
letter  are  requested  to  notify  them  of  the  issuance  of  the  Secrecy  Order 
and  "Scunulty  Requirements  Permit"  and  of  the  penalties  fot  violation. 

Very  truly  yours, 

-  UNITED  AIRCRAFT  CORPORATION 

Pratt  h  Whitney  Aircraft  Division 
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